Avian nest predation: relationships with landscape characteristics and influences on adult and nestling behavior. by Chiavacci, Scott J
  
 
 
 
 
 
AVIAN NEST PREDATION: RELATIONSHIPS WITH LANDSCAPE CHARACTERISTICS 
AND INFLUENCES ON ADULT AND NESTLING BEHAVIOR. 
 
 
 
 
 
 
BY  
 
SCOTT JAMES CHIAVACCI 
 
 
 
 
 
 
 
DISSERTATION 
 
Submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy in Natural Resources and Environmental Sciences 
in the Graduate College of the 
University of Illinois at Urbana-Champaign, 2016 
 
 
 
 
 
Urbana, Illinois 
 
 
Doctoral Committee: 
 
Associate Professor Robert L. Schooley, Chair 
Adjunct Assistant Professor Thomas J. Benson, Director of Research 
Associate Professor Michael P. Ward, Co-Director of Research 
Professor Jeffery D. Brawn 
 
ii 
 
ABSTRACT 
Nest predation is the leading cause of reproductive failure in birds.  As a result, many 
studies have sought to understand what factors influence nest predation as well as the ways in 
which birds respond to predation.  However, identifying the factors that lead to variation in nest 
predation has proven challenging, due to the diversity of nest predators involved and the often 
ignored fact that different predators interact with habitat attributes at different spatial scales.  
Furthermore, although studies continue to reveal the impact that both direct predation and 
perceived predation risk have on birds, gaps remain in our understanding of how birds respond 
behaviorally to information regarding predation risk.   My research sought to address the 
following: (1) is the relationship between predator-specific nest predation and landscape 
composition dependent on the spatial scale at which it is examined, (2) are the nest defense 
behaviors of parent birds influenced by public information  regarding nest predation risk, and (3) 
does nest predation risk influence the timing of nest departure in nestling birds.  Regarding my 
first question, I found that predation by different predator species was influenced by different 
land cover types surrounding nests, but the direction and strength of relationships often varied 
among scales and predators.  In general, composition at larger scales appeared to more strongly 
influence predation probability than that at smaller scales.  Regarding my second question, I 
discovered that nest defense behaviors of parent birds were influenced by public information 
regarding predation risk, the use of public information depended on the life history traits of birds, 
and that heterospecific, but not conspecific public information was used.  Regarding my third 
question, I found that when nestlings occupied high predation risk nest sites, they fledged earlier 
in the day and all broodmates within a nest fledged over a shorter period of time.  My results 
illustrate that understanding the impact of landscape composition on predation by different 
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predators requires evaluating patterns at multiple landscape scales.  In doing so, we are likely to 
improve our ability to ascertain the mechanisms leading to variation in nest predation.  In 
addition, although the importance of PI during habitat selection and settlement behaviors in birds 
is widely recognized, my results reveal birds use PI in other contexts as well, suggesting an 
avenue for further research into the role PI plays in shaping bird behavior.  Lastly, my finding 
that predation risk impacted the timing of fledging suggests that by fledging earlier and more 
quickly, young in high risk nests presumably decreased their chances of being depredated in the 
nest, while those occupying safer nests are likely under reduced pressure to fledge as early as 
possible. This outcome indicates nestlings preparing to fledge likely face more complex 
situations than currently understood and the timing of nest departure is an important decision 
made in an effort to maximize fledgling fitness. 
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CHAPTER 1: GENERAL INTRODUCTION 
For most birds, predation on their nests is the dominant cause of reproductive failure 
(Ricklefs 1969, Martin 1992).  As such, it has led to countless studies seeking to identify 
relationships between nest predation and factors such as nest-site features, landscape 
characteristics, and adult and nestling behavior (Martin 1993a, b, Ibáñez-Álamo et al. 2015).  
Yet, the question of what makes a given nest more or less vulnerable to predation remains 
essentially unanswered, mainly because we have only just begun to incorporate nest predator 
ecology into the study of nest predation.  Furthermore, the numerous ways birds respond 
behaviorally to predation risk continues to be illuminated (Lima 2009).  However, the types of 
information birds rely on when responding to nest predation risk are not fully elucidated nor is 
our understanding of how behaviors might change in response to varying levels of nest predation 
risk. Here I explore nest predation from both sides of the predator-prey relationship: the 
predators and the prey (i.e., bird nests).  Overall, my aim is to more clearly understand the factors 
that explain variation in nest predation and the behavioral responses of birds under varying 
predation risk conditions. To this end, I identify nest predators to explore patterns specific to 
different predators and then examine if the behaviors of parent birds and nestlings respond to 
varying degrees of predation risk.  
Many studies have tried to determine how habitat characteristics affect nest predation 
(Martin 1993a, Chalfoun et al. 2002, Stephens et al. 2003), as such knowledge is important for 
both understanding the predator-prey dynamics of nest predation and for informing management 
actions meant to improve nest survival (e.g., Thompson and Ribic 2012, Chiavacci et al. 2014, 
Lyons et al. 2015).  Among habitat characteristics, landscape composition appears particularly 
influential to nest predation, as it may constrain nest predation patterns at smaller spatial scales 
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(Chalfoun et al. 2002, Thompson et al. 2002, Stephens et al. 2003).  However, consistent patterns 
with respect to how landscape composition affects nest predation and the mechanisms 
responsible for such effects have proven elusive.   
Two potential reasons exist for this inconsistency.  The first is related to the inability of 
many studies to assess patterns among specific predators.  Although many studies historically did 
not identify nest predators, the advent of camera technology has enabled researchers to identify 
predators and detect clearer patterns in predation relative to habitat characteristics (e.g., Benson 
et al. 2010, Rodewald and Kearns 2011, Reidy and Thompson 2012) Though, even among 
studies that have assessed predator-specific patterns in predation, virtually all have been limited 
in the specificity with which they can analyze patterns due to limited sample sizes requiring 
predators to be lumped into taxonomically similar groups for analysis.  Such groupings likely 
obscure patterns unique to individual predator species, as they often contain diverse nest 
predators (e.g., Rodewald and Kearns 2011, Cox et al. 2012b).  The second is related to the scale 
dependence of predation patterns.  Specifically, the spatial scale at which ecological patterns are 
studied has a strong bearing on the ability to understand ecological processes, as different species 
interact with, are influenced by, and perceive the environment at different scales (Wiens 1989, 
Levin 1992). This is undoubtedly the case in nest predation, given the diversity of nest predators.  
Yet, few studies have examined the relationship between nest predation and landscape 
composition at multiple landscape scales (Tewksbury et al. 1998, Bergin et al. 2000, Stephens et 
al. 2005).  Most simply examine this relationship at a single scale (e.g., Rodewald and Kearns 
2011, Reidy and Thompson 2012, Cox et al. 2012b, Lyons et al. 2015), thereby ignoring the 
scale-dependent nature of nest predation.  In Chapter 2, I examine the influence of landscape 
composition on predator-specific patterns in predation.  Unlike many previous studies, however, 
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I attempt to disentangle the complexity of this relationship by exploring how predation patterns 
vary across four commonly studied landscape scales.  In doing so, I seek to both incorporate the 
fact that different predators interact with their environment at different spatial scales (Wiens 
1989, Levin 1992), and illustrate that scale-dependence is likely to factor prominently in our 
ability to identify patterns in nest predation.  Such an approach should move us closer to 
identifying the mechanisms that lead nest predation to vary with landscape composition. 
Ecologists have long sought to understand the abilities of birds to interpret and respond to 
nest predation risk (Caro 2005).  Of particular interest has been the factors influencing the nest 
defense behaviors of parent birds (Montgomerie and Weatherhead 1988), as effective defense 
strategies may be the difference between successful and failed reproduction (e.g., Cresswell 
1997a, Kleindorfer et al. 2003).  However, nest defense can be energetically costly and may 
place parents in situations that could lead to injury or death (Curio and Regelmann 1985, 
Brunton 1986).  Due to these costs, parents are expected to base the level of their defense on the 
value of their offspring (i.e., eggs or nestlings in nests).  Offspring more likely to survive to 
fledging (e.g., those occupying areas with lower nest predation rates) should be of higher value 
and, therefore, should be defended more intensely than those less likely to survive to fledging 
(e.g., those occupying areas with lower nest predation rates).  This tradeoff arises because the 
costs of defending offspring with low survival prospects outweigh the fitness benefits of doing so 
(Montgomerie and Weatherhead 1988).  Critical to parents engaging in the most appropriate 
level of nest defense (i.e., that in which personal risk taking is based on offspring value) is their 
ability to assess nest predation risk and, thus, the relative value of their offspring.   
Although evidence suggests public information (PI) regarding nest predation risk might 
play a role in parental nest defense (Dassow et al. 2011), the relationship between PI and nest 
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defense in birds has not, to my knowledge, been explicitly examined.   In Chapter 3, I explore the 
potential for PI regarding nest predation risk to influence the nest defense behaviors of birds.  I 
use conspecific and heterospecific daily nest survival estimates at each study site as an indicator 
of PI available regarding nest predation risk.  I measure both flush initiation distance and the 
level of aggression directed towards observers approaching nests to quantify risk taking by 
parents.  I predict that the nest defense behaviors of migratory species that begin nesting later in 
the season than their heterospecific neighbors would be explained by heterospecific rather than 
conspecific PI.  I also predict that whereas the defensive behaviors of migratory species will be 
predicted by PI, the behaviors of residents will not be.  Lastly, I predict that, regardless of which 
form of information parents use, they will take greater risks (i.e., flush at shorter distances, 
respond more aggressively to observers) when the probability of nest survival is greater (i.e., the 
nesting attempt is of greater value).      
Like parent birds, nestlings may also respond to predation risk in a variety of ways.  Prior 
to fledging, the primary threat to nestling survival is predation (Ricklefs 1969, Martin 1993b), 
which increases with nestling age (i.e., nearer to fledging; Stake et al. 2005, Streby and Andersen 
2013b).  Once out of the nest, however, fledglings suffer their highest mortality in the days 
immediately following nest departure.  This high predation risk faced in the days immediately 
before and after fledging is likely to exert strong selective pressures on birds to evolve behaviors 
that minimize predation risk (e.g., Lima 2009).  Indeed, nestling growth and fledging patterns 
appear to respond directly to predation risk.  Specifically, nestlings develop more quickly and 
fledge at younger ages under high predation risk conditions (e.g., Bosque and Bosque 1995, 
Martin 1995, Martin et al. 2011), but may remain in nests longer under low predation risk 
conditions to improve their physical condition at fledging (Remeš and Martin 2002, Bowers et al. 
5 
 
2013).  Thus, the process of fledging represents a tradeoff in the costs and benefits of remaining 
in the nest versus departing.  However, this tradeoff may act at even finer temporal scales than 
currently recognized, such as the time of day a bird fledges.  Evidence for this comes from a 
number of studies describing the tendency of nestlings to fledge before mid-day and for all 
broodmates to fledge within an hour (Perrins 1979, Lemel 1989, Nilsson 1990, Schlicht et al. 
2012), a pattern some studies have suggested is a direct response to predation risk faced outside 
the nest (Johnson et al. 2004, Pietz et al. 2012, Johnson et al. 2013).  To my knowledge, only one 
hypothesis exists to explain this pattern, which I refer to as the maximum time hypothesis.  This 
hypothesis suggests young fledge early in the day to ensure they have enough time to reach a 
relatively safe location before dark (Johnson et al. 2004).  Although the maximum time 
hypothesis presents a viable explanation for why nestlings most often fledge in the morning, 
variability in predation risk may lead to variation in the time of day when fledging occurs, given 
the potential costs and benefits of fledging at different times (Remeš and Martin 2002, Vitz and 
Rodewald 2011, Cheng and Martin 2012).  In Chapter 4, I test the maximum time hypothesis by 
documenting the time when the first nestling fledges and the time needed for all broodmates to 
fledge.  I predict that, in nests facing a high risk of predation, nestlings will initiate fledging 
earlier in the day and the time between the fledging of broodmates will be shorter (i.e., 
broodmates will fledge more rapidly).   
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CHAPTER 2: UNDERSTANDING THE INFLUENCE OF LANDSCAPE 
COMPOSITION ON NEST PREDATION REQUIRES EXAMINING PREDATOR-
SPECIFIC EFFECTS AT MULTIPLE LANDSCAPE SCALES 
 
ABSTRACT 
 
Identifying how habitat features such as landscape composition influence nest predation 
in birds remains a popular field of study in avian ecology.  This is partly because nest predation 
is the dominant cause of reproductive failure in most birds, but also because few consistent 
patterns in how landscape composition impacts nest predation have emerged.  A potential reason 
for the inconsistencies in results among landscape-scale studies is the inability of most studies to 
account for patterns specific to predator species.  Another reason is the common focus on 
assessing predation patterns at a single landscape scale despite the fact that nest predator 
communities contain a diversity of species, each of which likely responds to landscape 
composition at different scales.  To determine the importance of incorporating scale dependence 
in the study of relationships between landscape composition and nest predation, I identified nest 
predators and analyzed predator-specific patterns among land cover types at multiple landscape 
scales.  I video monitored 473 nests of 23 shrub-nesting bird species and documented 212 
predation events.  I found that the direction and strength of relationships between predator 
specific predation and landscape composition varied among land cover types depending on the 
scale at which this relationship was evaluated.  Composition at broader landscape scales tended 
to have the strongest impact on predation, though this varied by predator species.  As expected, 
predator-specific nest predation was differentially affected by landscape composition, though I 
detected patterns related to commonly studied land cover types (e.g., urban, agricultural) that 
were formerly unrecognized or are counter to those often found or proposed in other studies.  
Thus, my results illustrate that understanding the impact of landscape composition on predation 
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by different predators requires evaluating patterns at multiple landscape scales.  In doing so, we 
are likely to improve our ability to ascertain the mechanisms leading to variation in nest 
predation.  The emergence of patterns at multiple scales also offers one likely reason why clear 
patterns between predation and landscape characteristics have remained elusive.  Importantly, 
knowing how predation by dominant predators varies at different scales would enable managers 
to focus their efforts and limited resources at the scale(s) most likely to impact nest predation 
(i.e., improve nest survival). 
INTRODUCTION 
The spatial scale at which ecological patterns are studied has a strong bearing on the 
ability to understand ecological processes, as different species interact with, are influenced by, 
and perceive the environment at different scales (Levin 1992).  Indeed, scale-specific patterns 
can be expected in nearly every system (Wiens 1989).  Moreover, accounting for such scale 
dependence is likely to promote more ecologically pertinent conclusions (Morris 1987), which is 
evidenced by studies on a range of taxa.  For example, the habitat use and density of a wide 
variety of mammal species can vary with habitat characteristics at multiple spatial scales because 
of ecological differences among species (e.g., diet, home range size; (Morris 1987, Gehring and 
Swihart 2003, Fisher et al. 2005, Coppeto et al. 2006).  Similar scale-dependent patterns in 
biodiversity, habitat use, and distribution also hold true for many birds (e.g., Saab 1999, Mitchell 
et al. 2001, Cunningham et al. 2013).  These examples illustrate that efforts to link ecological 
patterns to habitat features requires the incorporation of scale dependence, especially when 
diverse species assemblages are involved (Wiens 1989, Brown and Litvaitis 1995, Södertström 
and Pärt 2000).  One area of study where scale dependence likely plays a prominent, but often 
neglected, role is in understanding how landscape composition affects predation on bird nests. 
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Nest predation is the dominant cause of nesting failure in birds (Ricklefs 1969, Martin 
1992).  As a result, nest survival is one of the most studied aspects of avian ecology.  A common 
aim of many studies has been and continues to be identifying habitat characteristics that explain 
variation in nest predation (Martin 1993, Chalfoun et al. 2002, Stephens et al. 2003).  This focus 
on habitat attributes is not only useful for understanding the predator-prey dynamics of nest 
predation, but also for informing management actions aimed at improving nest survival 
(Thompson and Ribic 2012, Chiavacci et al. 2014, Lyons et al. 2015).  Important to the 
predation-habitat relationship are landscape characteristics, particularly landscape composition, 
as they may constrain nest predation patterns at smaller spatial scales (i.e., at the nest site and 
patch; Chalfoun et al. 2002, Thompson et al. 2002, Stephens et al. 2003).  However, results 
regarding how landscape composition affects nest predation remain mixed.  The abundance of 
some common nest predators (e.g., raccoon [Procyon lotor]), for example, tends to be greater in 
landscapes with more agriculture (reviewed in Chalfoun et al. 2002).   Yet, whereas some studies 
expectedly find higher predation rates in agricultural landscapes (Robinson et al. 1995, 
Rodewald and Yahner 2001, Benson et al. 2010), others find lower predation rates (Tewksbury 
et al. 1998, Shake et al. 2011).  Likewise, despite urbanized landscapes supporting greater 
densities of nest predators (e.g., raccoons, striped skunk [Mephitis mephitis]; Šálek et al. 2015), 
nest predation rates are frequently equal to or less than those outside of urban areas (reviewed in 
Fischer et al. 2012).  Similar discrepancies exist among studies relating nest predation to forest 
cover (Tewksbury et al. 1998, Robinson et al. 1995, Rodewald and Yahner 2001, Benson et al. 
2010, Cox et al. 2012b).   The different results among studies may be partly due to predators 
preying more heavily on bird nests under certain landscape conditions (e.g., greater amounts of 
forest or agriculture on the landscape) than others (e.g., greater amounts of urban land cover; 
14 
 
Rodewald et al. 2011, Stracey 2011).  More importantly, however, the lack of understanding 
regarding why predation varies in response to landscape conditions stems from studies 
historically not identifying or merely inferring which predators were responsible for nest 
predation (Lima 2002, Thompson 2007, Lahti 2009).  Because predation by different species will 
be affected by landscape composition at different scales (Wiens 1989, Mayer and Cameron 
2003), incorporating scale dependence is likely to generate new insights into the relationship 
between nest predation and landscape composition.   
Knowing which predators are depredating nests is critical for determining what factors, 
including landscape characteristics, affect variation in nest survival (Stephens et al. 2005, 
Tewksbury et al. 2006, Thompson 2007).  Fortunately, the increasing use of video surveillance 
systems to monitor nests has greatly advanced our understanding of nest predation by 
illuminating the remarkable diversity of predators involved (e.g., Weidinger 2009, Cox et al. 
2012a).  In fact, recent studies exemplify how identifying predators can reveal patterns in nest 
predation that would have otherwise gone undetected (e.g., Benson et al. 2010, Reidy and 
Thompson 2012, Chiavacci et al. 2014).  However, studies that have identified predators have 
found few or no associations between predation and landscape composition (Benson et al. 2010, 
Cox et al. 2012b, Reidy and Thompson 2012, Lyons et al. 2015).  There are two likely reasons 
for this.  First, studies have had to group predators into categories of taxonomically similar 
species for analyses due to small sample sizes (e.g., ‘mesopredators’, ‘birds’; Rodewald and 
Kearns 2011, Reidy and Thompson 2012).  Such groupings likely obscure patterns unique to 
individual predator species, which is the taxonomic specificity ultimately needed to clarify 
patterns in predation.  Second, failure to recognize that different predator species interact with 
the environment in spatially unique ways is likely to limit our ability to detect patterns at 
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multiple scales (Stephens et al. 2003).  Thus, efforts to detect relationships between landscape 
composition and nest predation that focus on only a single scale may produce few, if any, 
discernable patterns.                                                                                                                                                     
Despite the influence of landscape composition on nest predation, studies rarely explore 
predation patterns at more than one landscape scale (Tewksbury et al. 1998, Bergin et al. 2000, 
Stephens et al. 2005).  Rather, attempts to link nest predation to landscape composition 
commonly focus on a single scale (e.g., within 500 m, 1,000 m, or 10,000 m of nests or study 
sites; Rodewald and Kearns 2011, Reidy and Thompson 2012, Cox et al. 2012b, Lyons et al. 
2015), presumably under the assumption that the specified scale is the most influential to nest 
predation.  Although such an approach may reveal some patterns in predation, much variability is 
likely to be left unexplained due to the diversity of nest predator communities that comprise 
species varying greatly in size, diet, behavior, and habitat use (e.g., Weidinger 2009, Rodewald 
and Kearns 2011, Cox et al. 2012c, DeGregorio et al. 2014a).  Such physiological and behavioral 
differences among predators lead to differences in how each may be influenced by characteristics 
of the surrounding landscape.  For example, the generally positive relationship between body 
size and home range size (Swihart et al. 1988) suggests that small and large nest predators are 
likely influenced differently by landscape composition at a particular scale.  Indeed, evidence 
supports this hypothesis; habitat use by mesopredators with greater mobility and larger home 
ranges is more strongly influenced by habitat features at broader spatial scales, whereas species 
with smaller home ranges respond more strongly to features at smaller scales (Gehring and 
Swihart 2003). Furthermore, larger spatial scales (i.e., biogeographic, landscape) are likely to 
structure predator communities by influencing the types and abundances of predators, while 
smaller scales (i.e., patch, nest site) influence predator activity (Brown and Litvaitis 1995, 
16 
 
Thompson et al. 2002).  Thus, a multi-scale approach to evaluating the impact of landscape 
composition on nest predation is warranted, as it is more likely to encompass the range of 
landscape features that influence different nest predators (Wiens 1989).   
To evaluate the importance of considering multiple landscape scales when elucidating 
patterns between nest predation and landscape composition, I established the following 
objectives: (1) identify nest predators responsible for nest failure, (2) analyze predator-specific 
patterns in predation as they relate to landscape composition at different scales surrounding 
nests. 
METHODS 
Study Sites 
I searched for nests of birds in shrubland habitat from approximately 1 April through 1 
September during 2011–2014.  Eight sites were located in northeastern Illinois; five in Kane 
County, two in DuPage County, and one in McHenry County.  Four sites were located in east-
central Illinois; two in Vermilion County and two in Champaign County.  Sites consisted of open 
areas intermixed with isolated shrubs and shrub thickets of varying heights, densities, and sizes.  
Shrublands contained primarily herbaceous vegetation such as common goldenrod (Solidago 
canadensis) and blackberry (Rubus spp.), in addition to woody plants such as autumn olive 
(Elaeagnus umbellata), eastern red cedar (Juniperus virginiana), multiflora rose (Rosa 
multiflora), honeysuckle (Lonicera spp.), hawthorn (Crataegus spp.), and dogwood (Cornus 
spp.).  The mean shrubland area at sites was 65.71 ha (range: 10–190 ha). Sites were situated 
within landscapes containing primarily row crop agriculture, urbanization, or forest.  All sites 
were separated by at least 10.5 km. 
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Locating and Monitoring Nests  
I located nests using systematic searches and adult behavior.  I monitored a subset of 
nests with time-lapse video recording systems (Cox et al. 2012a) to document nest fates and 
identify nest predators.  I camouflaged cameras with paint and vegetation and placed them about 
0.5–1 m from nests.  To avoid causing nest abandonment, I generally deployed cameras only 
after nests contained full clutches.  I attempted to place cameras on nests that were well 
distributed spatially within sites to minimize the chances of repeatedly sampling the same 
individual predators.  I revisited nests approximately every 3 days to check their fate, replace 
memory cards, and replace batteries if needed.  All methods involving animals were approved by 
the University of Illinois Institutional Animal Care and Use Committee (Permit # 10127). 
During each nest check I recorded the date, stage of the nest, and developmental 
condition of nestlings to estimate nest age (if exact laying dates or hatching dates were not 
known).  I use the day the first egg was laid (age 0) to estimate nest age.  If I located a nest after 
eggs had been laid, I backdated the day of discovery assuming 1 egg was laid per day.  If nests 
contained nestlings when found, I estimated their age based on their physical development or the 
number of days that elapsed between nest discovery and fledging.  I then added to the estimated 
nestling age at time of discovery the laying period length and the average incubation period 
length.  I obtained average incubation period lengths for each species from their respective Birds 
of North America accounts (Rodewald 2015).  I did not estimate egg development (e.g., via 
candling), so if I found  nests during incubation that subsequently failed during incubation, I 
estimated their nest age as accurately as possible by assuming that the time period during which I 
monitored them occurred approximately in the middle of the incubation stage.  I did this for each 
species.  For example, nests found during incubation that survived for only 6 additional days 
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(approximately two nest visits) for a species with a 12 day incubation period were assumed to 
have been incubating for 3 days when the nest was found; 6 days of incubation were 
unaccounted for so I assumed half of the unaccounted for days (i.e., 3 days) were at the 
beginning and end of incubation, respectively. 
I reviewed nest video to document fledging or identify the causes of partial clutch or 
brood loss, or complete nest failure.  I defined a predation event as any visit to a nest by a 
predator that resulted in force-fledging, nest abandonment, or the loss of one or more eggs or 
nestlings.  I considered predation events at the same nest involving the same predator species as 
non-independent (i.e., possibly the same individual predator); in such instances (n = 4), I 
removed exposure periods during which the predator visited the nest, but did not cause total nest 
failure or fledging and retained only the visit that resulted in nest failure or force-fledging.  In 
cases where nests were depredated by two predator species (n = 3), I retained both events in my 
analyses and assumed the events were independent.   
Measuring Nest Site Characteristics 
I measured vegetation at each nest site within approximately 4 weeks of nest failure or 
fledging.  I used a Robel pole (Robel et al. 1970) to estimate nest site vegetation density.  To 
quantify density, I visually estimated the percentage of the Robel pole obscured by vegetation in 
two height ranges, 0-1 m and 1-2 m above ground.  I did this in four cardinal directions from a 
distance of 5 m from the nest and a height of 1 m.  I averaged the density values among the four 
cardinal directions for each height range to obtain a single value for the 0-1 m and 1-2 m ranges 
at each nest.  I measured nest height as the distance between the ground and the bottom of the 
nest to the nearest 0.05 m. 
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Estimating Landscape Composition 
I used ArcGIS 10.3 (ESRI 2011) and the Geospatial Modeling Environment (Beyer 2012) 
to calculate the proportions of different land cover types within 200 m, 500 m, 1000 m, and 2500 
m of each nest.  I chose these buffer sizes because they have been used in previous studies to 
relate landscape features to nest survival or predation (e.g., Boulet et al. 2000, Winter et al. 2006, 
Shake et al. 2011, Chapa-Vargas and Robinson 2013, Lyons et al. 2015).  I collected land cover 
data from the 2014 National Agricultural Statistics Service Cropland Data Layer (USDA NASS 
CDL 2014).  After extracting land cover data for each buffer size around each nest, I combined 
the most common land cover types into five land cover classes: ‘forest’ (combined deciduous 
and mixed forest), ‘grassland’ (combined pasture, winter wheat, alfalfa, and other hay / non-
alfalfa), ‘row crop agriculture’ (combined soybean and corn), ‘open-low developed’ (combined 
open space/developed and low-density developed; < 20% and 20-49% impervious surfaces, 
respectively), and ‘ med-high developed’ (combined medium- and high-density developed; 50-
79% and 80-100% impervious surfaces, respectively).  Although habitat features such as patch 
shape and patch size (which are often used to quantify the degree of fragmentation) as well as 
landscape configuration may influence nest survival in birds (e.g., Stephens et al. 2003, Weldon 
and Haddad 2005), I did not include such metrics in analyses.  First, landscape scale effects tend 
to be stronger than and constrain effects at the patch-scale (Thomspon et al. 2002, Chalfoun et al. 
2002).  In addition, in many instances shrubland edges were not abrupt enough to clearly 
delineate shrublands from other habitat types (e.g., forest, grassland), making quantification of 
patch size and shape difficult.  Furthermore, the main goal of this study was to demonstrate the 
importance of considering multiple landscape scales when linking landscape composition to 
predation rather than exploring how a range of landscape attributes (e.g., configuration) impacts 
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predation.  Lastly, by limiting the number of landscape attributes included in models I minimized 
model complexity, as limited sample sizes for each predator precluded the formation of models 
with many variables (see Statistical Analyses).   
Statistical Analyses 
I used multinomial logistic regression in the GLIMMIX procedure (SAS Institute 2008) 
to examine factors explaining variation in the probability of predation by the most dominant 
predators.  Multinomial logistic regression enabled me to estimate the simultaneous probability a 
nest would be preyed on by one of the focal predators or would meet another fate (i.e., failed due 
to non-focal predators, non-predator related causes, or survive).  I used only days when nests 
were monitored with cameras for my analysis.  Thus, each exposure interval consisted of a 24-
hour period during which a nest was video-monitored.  My models consisted of nine response 
variables: depredated by (1) Cooper’s hawk (Accipiter cooperi), (2) fox snake (Pantherophis 
vulpinus), (3) black ratsnake (Pantherophis obsoletus), (4) raccoon, (5) weasel, (6) squirrel, (7) 
white-tailed deer (Odocoileus virginianus), (8) weather, unknown cause, or depredated by non-
focal predator, and (9) survive.  Although the most precise method for analyzing patterns in 
predation is likely to involve species-specific categories, we combined four species of predators 
into two groups of closely related species to bolster sample sizes.  The ‘weasel’ category 
included both long-tailed (n = 29; Mustela frenata) and short-tailed weasels (n = 1; M. erminea) 
and the ‘squirrel’ category included fox (n = 8; Sciuris niger), gray (n = 3; Sciuris carolinensis), 
and either fox or gray squirrels that I could not identify to species (n = 3).  I set ‘survive’ as the 
reference category.   
I examined relative support for models in an information-theoretic framework (Burnham 
and Anderson 2002).  I ranked candidate models from most to least supported using Akaike’s 
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Information Criterion corrected for small sample sizes (AICc) and calculated model weights 
(Burnham and Anderson 2002).  I fit models in a 2-stage process to control for influential factors 
not of primary interest and to minimize model complexity, as fitting more complex models in a 
multinomial framework leads to heavy penalization when evaluating model support using AIC 
(see below; Cox et al. 2012b, Lyons et al. 2015).  Evaluating models in multiple stages is 
commonly done to minimize model complexity and isolate the most influential variables (e.g., 
Benson et al. 2010, Amundson and Arnold 2011, Lyons et al. 2015).  In stage 1, I determined 
which biological and temporal variables best predicted nest predation by comparing models with 
these variables to an intercept only (i.e., null) model.  I did this to control for any influence these 
variables had on nest predation.  My predictor variables in stage 1 included day of year, nest age, 
nest stage (incubation or nestling), nest height, and vegetation density 0-1 m and 1-2 m above the 
ground within 5 m of nests.  Prior to including day of year in my model set, I compared the fit of 
a linear to a quadratic effect of day of year and used only the version that best fit the data.   
Although I examined a model containing a year effect, it performed poorly due to there being 
limited sample sizes among all four year categories.  I, therefore, excluded year from my model 
set.  I then used the best supported model from stage 1 as a base model to which I added 
landscape variables in stage 2.  All models contained the effect of the region in which study sites 
were situated (northeast or east-central Illinois), as I knew based on predator sample sizes that 
predation rates by some predators differed between these two regions.  Although I examined the 
interaction of region with each variable in stage 1, models containing interactions ranked lower 
than those with only additive effects.  Therefore, I dropped interactions with region from the 
stage 1 model set.  In addition, nest predation patterns may interact among multiple spatial scales 
(Chalfoun et al. 2002, Tewksbury et al. 2006). Although I attempted to model interactions 
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between the variables from my top ranked model in stage 1 with landscape variables in stage 2, 
this resulted in poor model fit due to low sample sizes for most response categories.  Thus, I 
proceeded to examine only additive effects among variables from my top ranked model in stage 
1 and land cover variables in stage 2.   Furthermore, I did not rank models using AIC in stage 2 
of the analysis.  When examining support for multinomial regression models using AIC, the 
addition of variables to models is highly penalized because adding one predictor variable adds 
one (for continuous variables) or more (for categorical variables) parameters for each level of the 
response variable (e.g., Cox et al. 2012c).  For example, the addition of one continuous variable 
to a model with 8 response variables would increase the parameter count by 8 (the reference 
category is not included in the parameter count), resulting in an AIC penalty of 16.  Thus, 
multinomial models that predict patterns in only a single predator species (or fewer predators 
than the top model) or reveal only weak patterns in predation may appear poorly supported 
because of this steep penalty.  This is despite the fact that these models may still contain useful 
information about patterns specific to certain predators and among different scales that were not 
predicted by the top model.  Thus, in stage 2, each model consisted of the best supported 
variables from stage 1 as well a variable for the proportion of a given land cover type at a given 
landscape scale (i.e., I had five land cover types each of which was measured at four scales, 
resulting in 20 models in total).  I present results and base interpretations on results from each 
model in stage 2.  I report 85% confidence limits because they are more appropriate when using 
AIC-based model selection than the commonly used 95% limits (Arnold 2010).  Prior to fitting 
models, I examined correlations among all variables and excluded from the same model those 
that were highly correlated (|r| > 0.70).  I performed all analyses in SAS, version 9.2 (SAS 
Institute, Inc., Cary, NC).   
23 
 
RESULTS 
 I recorded video at 468 nests of 22 shrub-nesting bird species, resulting in 4949 nest 
exposure days.  Nests of eleven species constituted 94% (n = 441) of monitored nests.  These 
included, in order of decreasing sample size, field sparrow (Spizella pusilla; n = 105 nests), 
northern cardinal (Cardinalis cardinalis; n = 64), gray catbird (Dumetella carolinensis; n = 60), 
brown thrasher (Toxostoma rufum; n = 60), American goldfinch (Spinus tristis; n = 39), 
American robin (Turdus migratorious; n = 31), mourning dove (Zenaida macroura; n = 22), 
indigo bunting (Passerina cyanea; n = 19), willow flycatcher (Empidonax traillii; n = 14), 
eastern towhee (Pipilo erythrophthalmus; n = 14), and yellow warbler (Setophaga petechia; n = 
13).  Of the nests monitored, 191 (41%) fledged young without experiencing any predation 
events, 12 (3%) nests failed due to non-predator related causes (e.g., weather, nestling 
starvation), and the fates of 53 (11%) nests were not recorded due to vegetation blocking the 
camera, the nest being outside the view of the camera, or camera system problems (e.g., power 
loss, camera system theft / damage / malfunction).  I recorded 212 independent predation events 
at 209 (45%) nests involving 26 predator species (Table 2.1).  Dominant predators for which I 
modeled predation patterns constituted 70% (n = 148) of predation events.    
 The proportions of land cover types varied to differing degrees among different landscape 
scales (Table 2.2).  For example, the proportion of row crop agriculture and open-low developed 
land cover tended to increase as the scale at which they were measured increased.  In contrast, 
the proportion of grassland and, to a lesser degree, forest cover generally decreased with 
increasing scale. 
 In stage 1 of my analysis, which examined non-landscape variables, the model containing 
the effects of nest height and the region in which sites were located (i.e., northeastern or east-
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central Illinois) best explained patterns in nest predation. This model had over 32 times the 
support of the second ranked model (Table 2.3).  This model revealed that the odds a nest would 
be depredated by fox snakes, black ratsnakes, and raccoons were about 26.8, 12.1, and 6.5 times 
greater, respectively, if the nest was located in east-central than northeastern Illinois (Table 2.4).  
Also, for every 1 m increase in nest height, the odds a nest would be depredated by a black 
ratsnake, raccoon, or white-tailed deer decreased by 56%, 39%, and 79%, respectively, whereas 
the odds of predation by squirrels increased 2.1 times (Table 2.4).   
Using the model containing the effects of region and nest height as my base model in 
stage 2, I found that the strength and direction of relationships between predator-specific 
predation and landscape composition varied among scales.  For example, the probability of 
white-tailed deer and fox snake predation increased with increasing open-low developed cover, 
but only at smaller (≤ 500 m) or larger scales (≥ 500 m), respectively (Fig. 2.1).  Similar to 
white-tailed deer, raccoon predation was also positively related to open-low developed cover at 
scales ≤ 500 m from nests, but then declined with increasing open-low developed cover within 
2500 m.  As med-high developed cover increased, fox snake predation increased at scales ≥ 500 
m while squirrel predation increased with med-high developed cover within only 200 m of nests.  
In contrast, raccoon predation declined with increasing med-high developed cover at only the 
largest landscape scale (Fig. 2.1).  Predation by four predators was related to the proportion of 
forest cover on the landscape.  Cooper’s hawk predation increased with forest cover across all 
scales (Fig. 2.2).  The probability of black ratsnake and squirrel predation also increased with 
increasing forest cover, but within only 500 m and 1000 m for ratsnakes and within only 200 m 
for squirrels.  In contrast, fox snake predation declined with increasing amounts of forest cover 
≥1000 m.  Regarding grassland cover, the probability of raccoon predation declined with 
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increasing grassland cover among all scales whereas squirrel predation declined with increasing 
grassland cover at scales ≤ 1000 m (Fig. 2.2).  Weasels were the only species whose probability 
of depredating nests increased with increasing grassland cover, but only within 500 m and 1000 
m of nests.  Predation by only two predators was related to row crop agriculture cover; both fox 
snake and Cooper’s hawk predation declined with increasing row crop agriculture cover, but this 
pattern was apparent within only 200 m for predation by fox snakes and ≥ 500 m for predation 
by Cooper’s hawks (Fig. 2.3). 
DISCUSSION 
My results demonstrate that understanding the impact of landscape composition on 
predation by different predators requires evaluating patterns at multiple landscape scales.  This is 
because different species interact with their environment in different ways and at different spatial 
scales (Wiens 1989, Levin 1992, Mayer and Cameron 2003), though this is rarely integrated into 
studies of nest predation and landscape characteristics (Tewksbury et al. 2002, 2006, Stephens et 
al. 2005).  Specifically, I found that the direction and strength of relationships between predator 
specific predation and land cover types varied depending on the scale at which this relationship 
was evaluated.  In fact, opposing patterns in predation were detected at different scales for one 
widely cited nest predator (i.e., raccoon).  This indicates a single-scale approach is likely to 
oversimplify or lead to inaccurate conclusions regarding the relationship between nest predation 
and landscape composition.  Thus, incorporating scale dependence into studies appears necessary 
to assess the complex ways landscape composition impacts nest predation and to ascertain the 
potential mechanisms leading predation to vary through space.   
Though the mechanisms that cause landscape composition at different scales to influence 
predation likely vary among predator species, my study provides some insight into the factors 
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researchers should investigate in other systems.  For example, I found that for numerous predator 
species (e.g., Cooper’s hawks, fox snakes, raccoons, squirrels), effects tended to be stronger at 
larger scales in certain land cover types (as evidenced by greater effect sizes).  This indicates 
landscape composition at larger scales (e.g., 1000 m, 2500 m) better predicted predation by these 
species than that at smaller scales, a finding similar to other studies and one suggestive of 
population-level impacts on predators (Donovan et al. 1997, Chalfoun et al. 2002, Thompson et 
al. 2002, Stephens et al. 2003).  Specifically, I posit that the stronger effect of larger scales may 
have influenced the abundance of, and thus the predation risk posed by, certain predators (Brown 
and Litvaitis 1995, Chalfoun et al. 2002, Thompson et al. 2002).  However, greater nest predator 
abundances do not always translate to higher predation rates (e.g., Weidinger 2009, Rodewald et 
al. 2011, Stracey 2011).  Another possibility is that stronger effects at larger scales resulted from 
the cumulative impact of population-level mechanisms (i.e., predator abundance) and behavioral 
mechanisms (i.e., predator activity; Brown and Litvaitis 1995, Thompson et al. 2002).  This 
supposition is somewhat similar to Tewksbury et al.’s (2006) finding that different habitats 
surrounding sites (i.e., woodland and agriculture) supported different suites of predators and, 
when both habitats were present, they acted in an additive manner to increase nest predation.  
Importantly, this cumulative effect may not always lead to stronger effects on predation.  Rather, 
it could also dampen effects on predation at landscape scales where both positive and negative 
influences converge (e.g., the positive, neutral, and negative effects that open-low developed 
cover had on raccoon predation at different scales).  Determining if strong predation effects may 
be cumulative or if weak effects are the result of the convergence of positive and negative 
influences at a given scale will require identifying patterns at multiple scales.  In addition, many 
of the weaker effects I found (e.g., those revealed at only one or two scales) are indicative of 
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relationships that may have been stronger had my sample sizes been larger.  For example, white-
tailed deer predation was positively influenced by urban cover at most scales, though confidence 
intervals around most estimates slightly encompassed zero.  Similarly, although ratsnakes were 
negatively impacted by open-low developed cover at scales ≥ 500 m, a strong effect was detected 
at only the 1000 m scale.  Thus, my findings point to numerous positive and negative 
relationships between landscape composition and predation that may emerge as biologically 
meaningful as more studies document predators and incorporate scale dependence in their 
studies. 
As expected, predation by different predator species was differentially affected by land 
cover types (Chalfoun et al. 2002), which revealed several formerly unrecognized patterns as 
well as some counter to those found or proposed in other studies.  Notably, the effect of urban 
land cover on predation produced interesting results.  For example, fox snake and black ratsnake 
predation was positively and negatively influenced by urbanized cover, respectively.  Fox snakes 
seem to prefer anthropogenic habitats (DeGregorio et al. 2011), which may have increased their 
local abundance and, thus, their likelihood of coming in contact with nests in urbanized 
landscapes.  Although black ratsnakes appear to avoid anthropogenic habitats (Keller and Heske 
2000), which aligns with my finding, others have found ratsnake predation positively correlated 
with urbanization (Reidy and Thompson 2012).  This highlights that the biogeographic setting of 
a study is important to consider when elucidating patterns in nest predation (Thompson et al. 
2002).  My finding that fox snakes and ratsnakes showed divergent relationships with developed 
land cover, despite the taxonomic similarities between these species, illustrates that even closely 
related predators may vary considerably in their responses to landscape composition.  In addition 
to snakes, raccoon predation was also impacted by developed land cover, but showed opposing 
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patterns among scales.  Raccoons reach particularly high densities in urban habitats (reviewed in 
Šálek et al. 2015), likely because they subsist primarily on readily available anthropogenic food 
items (e.g., trash; Prange et al. 2004).  Assuming this applies to my system, the negative 
relationship between raccoon predation and developed land cover at larger scales may support 
the hypothesis that they prey less on nests when the landscape contains easily accessible 
alternative foods (Rodewald et al. 2011).  However, the positive association between raccoon 
predation and open-low developed cover at smaller scales implies a possible effect of developed 
cover on raccoon behavior (Brown and Litvaitis 1995, Thompson et al. 2002).  Specifically, I 
suggest increased raccoon predation at smaller scales may have arisen if anthropogenic food 
subsidies supported high densities of raccoons and created spillover (Oksanen et al. 1992, Rand 
et al. 2006), resulting in raccoons preying more heavily on nests in the surrounding landscape.  
Interesting patterns also emerged with row crop cover.  Specifically, row crops affected 
predation by only two species (Cooper’s hawks, fox snakes), both of which depredated fewer 
nests in landscapes with greater row crop cover.  This may have resulted from the general 
avoidance of agricultural habitat by these two species (Mannan and Boal 2000, Keller and Heske 
2000, DeGregorio et al. 2011).  Currently, there is no clear consensus on the impacts of 
agriculture on nest predation, as studies have found positive, negative, and neutral relationships 
between the two (e.g., Robinson et al. 1995, Rodewald and Yahner 2001, Tewksbury et al. 2006, 
Benson et al. 2010, Riddle and Moorman 2010, Shake et al. 2011).  However, determining how 
specific predators are impacted by agriculture may illuminate why this land cover type 
sometimes does and does not influence nest predation.  More generally, many of the patterns I 
found between predator-specific predation and land cover types highlight the complexity of these 
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relationships and demonstrate the value in examining relationships among predators and 
landscape scales.   
Although I detected a large number of relationships among predators, land cover types, 
and landscape scales, there were still many instances where predation seemed unrelated to 
landscape composition.  This could be because predation by certain predators was truly unrelated 
to the land cover classes I analyzed or because of sample size limitations.  Nonetheless, my 
approach of exploring predator-specific predation at multiple landscape scales enabled me to 
detect a range of patterns among predators and land cover types.  Had I taken the common 
approach of relating nest predation to the landscape at only a single scale, I would have been 
unable to determine if composition at that scale was, in fact, the most influential to predation.  
This would have also led me to miss some relationships entirely.  For example, had I examined 
the relationship between nest predation and open-low developed cover at 1000 m, I would have 
concluded this land cover type only moderately affected predation by fox snakes and had no 
influence on raccoon or white-tailed deer predation; in reality, fox snake predation was best 
predicted at the 2500 m scale, and both raccoons and white-tailed deer were influenced at scales 
other than 1000 m.  Studies aiming to analyze landscape effects on predation that either do not 
identify predators or do not have the sample sizes to analyze predator-specific patterns may still 
detect patterns at multiple landscape scales (e.g., Tewksbury et al. 2002, Stephens et al. 2005).  I, 
therefore, encourage researchers to incorporate scale dependence when studying the effects of 
landscape composition on nest predation.  Importantly, examining predation at multiple scales 
may have important management implications (Lindenmayer 2000, Heske et al. 2001, Chalfoun 
et al. 2002), as knowing how predation varies at different scales would enable managers to focus 
their efforts and limited resources at the scale(s) most likely to impact predators (i.e., improve 
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nest survival).  More specifically, knowing what landscape scales and cover types influence 
predation by dominant predators may reveal whether managing habitats at smaller scales with 
the aim of reducing nest predation is likely to have any appreciable effect on nest predation; if 
larger scales have the greatest influence on predation, management actions at smaller scales may 
be of little use.   
The growing number of studies using video systems to document nest predators (Cox et 
al. 2012a) provides ample opportunity to continue advancing our understanding of nest 
predation.  Imperative to this effort is acknowledging that not all predators will be affected by 
landscape characteristics, nor other habitat features, in the same way or at the same spatial scale 
(Wiens 1989, Levin 1992).  Indeed, determining how predators interact with landscape features, 
something critical to evaluating how physical attributes of the landscape impact predation, will 
be vital if we are to reveal the mechanisms driving nest predation patterns (Wiens 1989, Morris 
1987).  As we learn more about what predators are responsible for nest failure, clearer 
justifications for the examination of specific landscape scales should become more common 
(Mayer and Cameron 2003).  Furthermore, landscape-level effects involve more than just 
landscape composition (e.g., structural features such as the shape and size of habitat patches, 
habitat connectivity; Weldon and Haddad 2005).  Thus, future studies exploring the potential for 
these other landscape features to vary among scales in their influence on nest predation might 
prove insightful.  For now, however, our understanding of the complex relationship between 
landscape composition and nest predation will advance more quickly once we incorporate scale 
dependence in this process.    
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TABLES AND FIGURES 
Table 2.1. Nest predator species and number of predation events attributed to each species at 
shrubland bird nests in northeast and east-central Illinois, USA, 2011-2014.   
 
  Predator species Northeast East-central Total 
Birds 
   
 
Cooper's hawk (Accipiter cooperii) 7 11 18 
 
Blue jay (Cyanocitta cristata) 1 2 3 
 
Brown-headed cowbird (Molothrus ater) 2 0 2 
 
E. Screech owl (Megascops asio) 1 1 2 
 
Gray catbird (Dumatella carolinensis) 1 1 2 
 
House wren (Troglodytes aedon) 0 2 2 
 
Red-tailed hawk (Buteo jamaicensis) 0 2 2 
 
American crow (Corvus brachyrhynchos) 0 1 1 
 
White-eyed vireo (Vireo griseus) 0 1 1 
Mammals 
   
 
Raccoon (Procyon lotor) 4 27 31 
 
Long-tailed weasel (Mustela frenata) 17 12 29 
 
White-tailed deer (Odocoileus virginianus) 5 9 14 
 
Mouse spp. (Peromyscus spp.) 7 4 11 
 
Eastern chipmunk (Tamias striatus) 8 1 9 
 
Fox squirrel (Sciuris niger) 3 5 8 
 
Virginia opossum (Didelphis virginiana) 3 2 5 
 
Coyote (Canis latrans) 3 1 4 
 
Gray squirrel (Sciuris carolinensis) 2 1 3 
 
Unk. squirrel species (Sciuris spp.) 2 1 3 
 
Domestic cat (Felis catus) 0 1 1 
 
Short-tailed weasel (Mustela erminea) 1 0 1 
 
Striped skunk (Mephitis mephitis) 1 0 1 
Snakes 
   
 
Fox snake (Pantherophis vulpinus) 1 23 24 
 
Black ratsnake (Pantherophis obsoletus) 1 14 15 
 
Plains garter snake (Thamnophis radix) 7 3 10 
 
Blue racer (Coluber constrictor) 0 9 9 
 
Milk snake (Lampropeltis triangulum) 0 1 1 
Total 77 135 212 
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Table 2.2. Mean, minimum, and maximum proportions of each land cover type surrounding shrubland bird nests within 200 m, 500 m, 
1000 m, and 2500 m of nests. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  200 m   500 m   1000 m   2500 m 
Land cover type Mean Range 
 
Mean Range 
 
Mean Range 
 
Mean Range 
Forest 0.41 0.00 - 0.94 
 
0.43 0.02 - 0.89 
 
0.40 0.03 - 0.83 
 
0.28 0.09 - 0.65 
Grassland 0.37 0.00 - 0.91 
 
0.13 0.00 - 0.86 
 
0.22 0.02 - 0.52 
 
0.15 0.05 - 0.30 
Med-high developed 0.01 0.00 - 0.12 
 
0.28 0.01 - 0.62 
 
0.03 0.00 - 0.32 
 
0.06 0.00 - 0.28 
Open-low developed 0.10 0.00 - 0.96 
 
0.01 0.00 - 0.29 
 
0.16 0.01 - 0.77 
 
0.23 0.04 - 0.58 
Row crop agriculture 0.07 0.00 - 0.80 
 
0.10 0.00 - 0.73 
 
0.13 0.00 - 0.60 
 
0.21 0.00 - 0.66 
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Table 2.3. Model selection results predicting the probability of predator-specific predation on 
shrubland bird nests, Illinois, USA, 2011-2014.   
 
  Model K
a
 ─2Log(L) ∆AICc
b
 wi
c
 
 
Region
d
 + nest height 24 2776.63 0.00
e
 0.97 
 
Region + vegetation density 1-2 m 24 2783.53 6.89 0.03 
 
Region + nest stage 24 2790.36 13.73 0.00 
 
Region + day of year
2
 32 2774.23 13.78 0.00 
 
Region + nest age 24 2792.41 15.78 0.00 
 
Region + vegetation density 0-1 m 24 2807.59 30.96 0.00 
 
Intercept only 8 2880.11 71.26 0.00 
a
 Number of parameters. 
b Difference in corrected Akaike’s Information Criterion; ∆AICc = AICci – min. AICc. 
c
 Model weight.
 
d 
Nests were located in either the northeastern or east-central region of Illinois.
 
e
 Minimum AICc = 2824.88. 
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Table 2.4.  Parameter estimates ( bˆ ), standard errors (SE), odds ratios, and 85% confidence limits around odds ratio estimates 
regarding the influence of the region in which study sites were located and nest height on predation by certain nest predators, Illinois, 
USA, 2011-2014.  Odds ratios for region indicate the odds of a nest being depredated by a given predator in east-central relative to 
northeastern Illinois.  Odds ratios for nest height indicate the odds of nests higher above the ground being depredated by a given 
predator.   
 
  Region   Nest height 
Predator bˆ  SE 
Odds ratio 
estimate 85% CI 
 
bˆ  SE 
Odds ratio 
estimate 85% CI 
Cooper's hawk 0.639 0.488 1.895 0.939 3.824 
 
0.394 0.362 1.483 0.881 2.497 
Fox Snake 3.289 1.024 26.805 6.141 117.010 
 
0.200 0.286 1.222 0.809 1.845 
Black Ratsnake 2.492 1.046 12.080 2.680 54.455 
 
-0.829 0.425 0.437 0.237 0.805 
Raccoon 1.874 0.544 6.517 2.978 14.263 
 
-0.496 0.277 0.609 0.409 0.906 
Weasel spp. -0.363 0.384 0.696 0.401 1.209 
 
-0.244 0.296 0.783 0.512 1.199 
Squirrel spp. 0.226 0.536 1.253 0.579 2.712 
 
 0.754 0.438 2.126 1.132 3.995 
White-tailed deer 0.195 0.580 1.215 0.527 2.802 
 
-1.565 0.509 0.209 0.101 0.435 
Other fate
a
 -0.149 0.205 0.861 0.641 1.157   -0.554 0.160 0.575 0.456 0.723 
a
 Included nests that failed due to non-focal predators or non-predator causes (e.g., weather). 
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Figure 2.1.  Parameter estimates and 85% confidence limits from models explaining the 
relationship between the proportion of open-low developed and medium-high developed cover 
within 200 m, 500 m, 1000 m, and 2500 m of nests and the probability of nest predation by a 
given predator, Illinois, USA, 2011-2014.  Models used to generate parameter estimates also 
included the effects of the region in Illinois where study sites were located (east-central or 
northeastern IL) and nest height.  The category ‘other fate’ that included non-predator related 
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failures and failures due to non-focal predators was excluded from graphs.  Black ratsnake 
parameter estimates were excluded from the medium-high developed graph because of poor 
model fit and large confidence limits. 
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Figure 2.2.  Parameter estimates and 85% confidence limits from models explaining the 
relationship between the proportion forest and grassland cover within 200 m, 500 m, 1000 m, 
and 2500 m of nests and the probability of nest predation by a given predator, Illinois, USA, 
2011-2014.  Models used to generate parameter estimates also included the effects of the region 
in Illinois where study sites were located (east-central or northeastern IL) and nest height.  The 
category ‘other fate’ that included non-predator related failures and failures due to non-focal 
predators was excluded from the graph.   
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Figure 2.3.  Parameter estimates and 85% confidence limits from models explaining the 
relationship between the proportion of row crop agricultural cover within 200 m, 500 m, 1000 m, 
and 2500 m of nests and the probability of nest predation by a given predator, Illinois, USA, 
2011-2014.  Models used to generate parameter estimates also included the effects of the region 
in Illinois where study sites were located (east-central or northeastern IL) and nest height.  The 
category ‘other fate’ that included non-predator related failures and failures due to non-focal 
predators was excluded from the graph.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
39 
 
LITERATURE CITED 
Formatted for Ecological Applications 
Amundson, C. L., and T. W. Arnold. 2011. The role of predator removal, density-dependence, 
and environmental factors on mallard duckling survival in North Dakota. Journal of 
Wildlife Management 75:1330–1339.  
Anderson, D. R. 2008. Model based inference in the life sciences: a primer on evidence. 
Springer, New York, New York, USA. 
Arnold, T. W. 2010. Uninformative parameters and model selection using Akaike’s Information 
Criterion. Journal of Wildlife Management 74:1175–1178. 
Benson, T. J., J. D. Brown, and J. C. Bednarz. 2010. Identifying predators clarifies predictors of 
nest success in a temperate passerine. Journal of Animal Ecology 79:225–234. 
Bergin, T. M., T. M. Bergin, L. B. Best, K. E. Freemark, and K. J. Koehler. 2000. Effects of 
landscape structure on nest predation in roadsides of a Midwestern agroecosystem: a 
multiscale analysis. Landscape Ecology 15:131–143. 
Beyer, H. L. 2012. Geospatial Modelling Environment (Version 0.7.2.1). URL: 
http://www.spatialecology.com/gme. 
Boal, C. W., and R. W. Mannan. 1998. Nest-site selection by Cooper's hawks in an urban 
environment. Journal of Wildlife Management 62:864–871.  
Boulet, M., M. Darveau, and L. Bélanger. 2000. A landscape perspective of bird nest predation 
in a managed boreal black spruce forest. Ecoscience 7:281–289. 
Brown, A. L., and J. A. Litvaitis, 1995. Habitat features associated with predation of New-
England cottontails - what scale is appropriate. Canadian Journal of Zoology 73:1005–
1011.  
40 
 
Burnham, K. P., and D. R. Anderson. 2002. Model selection and multi-model inference. 
Springer, New York, New York, USA. 
Chalfoun, A. D., F. R. Thompson III, and M. J. Ratnaswamy. 2002. Nest predators and 
fragmentation: a review and meta-analysis. Conservation Biology 16:306–318. 
Chapa-Vargas, L., S. K. Robinson. 2013. Large forests enhance songbird nesting success in 
agricultural-dominated landscapes of the Midwestern US. Ecography 36:383–392.  
Chiavacci, S. J., T. J. Bader, and J. C. Bednarz. 2014. Preferred nest site characteristics  
reduce predator-specific predation risk in a canopy nesting raptor. Journal of Wildlife  
Management 78:1022–1032. 
Coppeto, S. A., D. A. Kelt, D. H. Van Vuren, J. A. Wilson, and S. Bigelow. 2006. Habitat 
associations of small mammals at two spatial scales in the Northern Sierra Nevada. 
Journal of Mammalogy 87:402–413.  
Cox, W. A., M. S. Pruett, T. J. Benson, S. J. Chiavacci, and F. R. Thompson III.  2012a. 
Development of camera technology for monitoring nests. Pages 185–210 in C. A. Ribic, 
F. R. Thompson III, and P. J. Pietz, editors. Video surveillance of nesting birds. Studies 
in Avian Biology (no. 43), University of California Press, Berkley, USA. 
Cox, W. A., F. R. Thompson III, and J. Faaborg. 2012b. Landscape forest cover and edge effects 
on songbird nest predation vary by nest predator. Landscape Ecology 27:659–669.  
Cox, W. A., F. R. Thompson III, and J. Faaborg. 2012c. Species and temporal factors affect 
predator-specific rates of nest predation for forest songbirds in the Midwest. Auk 
129:147–155. 
Cunningham, R. B., D. B. Lindenmayer, M. Crane, D. R. Michael, P. S. Barton, Gibbons, P. 
Gibbons, S. Okada, K. Ikin, and J. A. R. Stein. 2014. The law of diminishing returns: 
41 
 
woodland birds respond to native vegetation cover at multiple spatial scales and over 
time. Diversity and Distributions 20:59–71.  
DeGregorio, B. A., P. J. Putman, and B. A. Kingsbury. 2011. Which habitat selection method is 
most applicable to snakes? Case studies of the eastern massasauga (Sistrurus catenatus) 
and eastern fox snake (Pantherophis gloydi). Herpetological Conservation and Biology 
6:372-382. 
DeGregorio, B. A., S. J. Chiavacci, P. J. Weatherhead, J. D. Willson, T. J. Benson, and J. H. 
Sperry. 2014a. Snake predation on North American bird nests: culprits, patterns, and 
future directions. Journal of Avian Biology 45:325–333. 
DeGregorio, B. A, P. J. Weatherhead, and J. H. Sperry. 2014b. Power lines, roads, and avian nest 
survival: effects on predator identity and predation intensity. Ecology and Evolution 
4:1589–600.  
Donovan, T. M., P. W. Jones, E. M. Annand, and F. R. Thompson III. 1997. Variation in local-
scale edge effects: mechanisms and landscape context. Ecology 78:2064–2075. 
ESRI 2011. ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems Research 
Institute. 
Fisher, J. T., S. Boutin, and S. J. Hannon. 2005. The protean relationship between boreal forest 
landscape structure and red squirrel distribution at multiple spatial scales. Landscape 
Ecology 20:73-82. 
Fischer, J. D., S. H. Cleeton, T. P. Lyons, and J. R. Miller. 2012. Urbanization and the predation 
paradox: the role of trophic dynamics in structuring vertebrate communities. BioScience 
62:809–818.  
42 
 
Gehring, T. M., and R. K. Swihart. 2003. Body size, niche breadth, and ecologically scaled 
responses to habitat fragmentation: mammalian predators in an agricultural landscape. 
Biological Conservation 109:283–295.  
Heske, E. J., S. K. Robinson, and J. D. Brawn. 2001. Nest predation and neotropical migrant 
songbirds: piecing together the fragments. Wildlife Society Bulletin 29:52–61. 
Keller, W. L., and E. J. Heske. 2000. Habitat use by three species of snakes at the Middle Fork 
Fish and Wildlife Area, Illinois. Journal of Herpetology 34:558–564. 
Lahti, D. C. 2009. Why we have been unable to generalize about bird nest predation. Animal 
Conservation 12:279–281. 
Levin, S. 1992. The problem of pattern and scale in ecology. Ecology 37:63–70. 
Lima, S. L. 2002. Putting predators back into behavioral predator–prey interactions. Trends in 
Ecology and Evolution 17:70–75.  
Lindenmayer, D. B. 2000. Factors at multiple scales affecting distribution patterns and their 
implications for animal conservation – Leadbeater's possum as a case study. Biodiversity 
and Conservation 9:15–35. 
Lyons, T. P., J. R. Miller, D. M. Debinski, and D. M. Engle. 2015. Predator identity influences 
the effect of habitat management on nest predation. Ecological Applications 25:1596–
1605. 
Mannan, R. W., and C. W. Boal. 2000. Home range characteristics of male Cooper’s hawks in an 
urban environment. The Wilson Bulletin 112:21–27.  
Martin, T. E. 1992. Breeding productivity considerations: what are the appropriate habitat 
features for management. Pages 455–473 in J. M. I. Hagan and D. W. Johnston, editors. 
43 
 
Ecology and conservation of Neotropical migrant landbirds. Smithsonian Institution 
Press, Washington, D.C., USA. 
Martin, T. E. 1993. Nest predation among vegetation layers and habitat types: revising the 
dogmas. The American Naturalist 141:897–913. 
Mayer, A. L., and G. N. Cameron. 2003. Consideration of grain and extent in landscape studies 
of terrestrial vertebrate ecology. Landscape and Urban Planning 65:201–217.  
Mitchell, M. S., R. A. Lancia, and J. Gerwin. 2001. Using landscape-level data to predict the 
distribution of birds on a managed forest: effects of scale. Ecological Applications 
11:1692–1708. 
Morris, D. W. 1987. Ecological scale and habitat use. Ecology 68:362–369. 
Oksanen, T., L. Oksanen, and M. Gyllenberg. 1992. Exploitation ecosystems in heterogeneous 
habitat complexes II: impact of small-scale heterogeneity on predator-prey dynamics. 
Evolutionary Ecology 6:383–398. 
Prange, S., S. D. Gehrt, and E. P. Wiggers. 2003. Demographic factors contributing to high 
raccoon densities in urban landscapes. Journal of Wildlife Management 67:324–333. 
Rand, T. A., J. M. Tylianakis, and T. Tscharntke. 2006. Spillover edge effects: the dispersal of 
agriculturally subsidized insect natural enemies into adjacent natural habitats. Ecology 
Letters 9:603–614. 
Reidy, J. L., and F. R. Thompson III. 2012. Predator identity can explain nest predation patterns. 
Pages 135–148 in C. A. Ribic, F. R. Thompson III, and P. J. Pietz, editors. Video 
surveillance of nesting birds. Studies in Avian Biology (no. 43), University of California 
Press, Berkley, USA. 
44 
 
Ricklefs, R. E. 1969. An analysis of nesting mortality in birds. Smithsonian Contributions to 
Zoology 9:1–48. 
Riddle, J. D., and C. E. Moorman. 2010. The importance of agriculture-dominated landscapes 
and lack of field border effect for early-succession songbird nest success. Avian 
Conservation and Ecology 5:9. 
Robel, R.J., J. N. Briggs, A. D. Dayton, and L. C. Hulbert. 1970. Relationship between visual 
obstruction measurements and weight of grassland vegetation. Journal of Range 
Management 23:295–298. 
Robinson, S. K., F. R. Thompson III, T. W. Donovan, D. R. Whitehead, and J. Faaborg. 1995. 
Regional forest fragmentation and the nesting success of migratory birds. Science 
267:1987–1990. 
Rodewald, A. D., and L. J. Kearns. 2011. Shifts in dominant nest predators along a rural-to-
urban landscape gradient. Condor 113:899–906. 
Rodewald, A. D., L. J. Kearns, and D. P. Shustak. 2011. Anthropogenic resource subsidies 
decouple predator – prey relationships. Ecological Applications 21:936–943. 
Rodewald, A. D., and R. H. Yahner. 2001. Avian nesting success in forested landscapes: 
Influences of landscape composition, standand nest-patch microhabitat, and biotic 
interactions. Auk 118:1018–1028.  
Rodewald, P. (Editor). 2015. The Birds of North America Online: 
http://bna.birds.cornell.edu/BNA/. Cornell Laboratory of Ornithology, Ithaca, NY. 
Saab, V. 1999. Importance of spatial scale to habitat use by breeding birds in riparian forests: a 
hierarchical analysis. Ecological Applications 9:135–151. 
45 
 
Šálek, M., L. Drahníková, and E. Tkadlec. 2015. Changes in home range sizes and population 
densities of carnivore species along the natural to urban habitat gradient. Mammal 
Review 45:1–14.  
Shake, C. S., C. E. Moorman, and M. R. Burchell. 2011. Cropland edge, forest succession, and 
landscape affect shrubland bird nest predation. The Journal of Wildlife Management 
75:825–835. 
Söderström, B., and T. Pärt. 2000. Influence of landscape scale on farmland birds breeding in 
semi-natural pastures. Conservation Biology 14:522–533. 
Stephens, S. E., D. N. Koons, J. J. Rotella, and D. W. Willey. 2003. Effects of habitat 
fragmentation on avian nesting success: a review of the evidence at multiple spatial 
scales. Biological Conservation 115:101–110.  
Stephens, S. E., J. J. Rotella, M. S. Lindberg, M. L. Taper, and J. K. Ringelman. 2005. Duck nest 
survival in the Missouri Coteau of North Dakota: landscape effects at multiple scales. 
Ecological Applications 15:2137–2149.  
Stracey, C. M. 2011. Resolving the urban nest predator paradox: The role of alternative foods for 
nest predators. Biological Conservation 144:1545–1552.  
Swihart, R. K., N. A. Slade, and B. J. Bergstrom. 1988. Relating body size to the rate of home 
range use in mammals. Ecology 69:393–399. 
Tewksbury, J. J., S. J. Hejl, and T. E. Martin. 1998. Breeding productivity does not decline with 
increasing fragmentation in a western landscape. Ecology 79:2890–2903.  
Tewksbury, J. J., A. E. Black, N. Nur, V. Saab, B. D. Logan, D. S. Dobkin. 2002. Effects of 
anthropogenic fragmentation and livestock grazing on western riparian bird communities. 
Studies in Avian Biology 25:158–202. 
46 
 
Tewksbury, J. J., L. Garner, S. Garner, J. D. Lloyd, V. Saab, and T. E. Martin. 2006. Tests of 
landscape influence: nest predation and brood parasitism in fragmented ecosystems. 
Ecology 87:759–768.  
Thompson III, F. R. 2007. Factors affecting nest predation on forest songbirds in North America. 
Ibis 149:98–109. 
Thompson III, F. R., and C. A. Ribic. 2012. Conservation implications when the nest predators 
are known. Pages 23–33 in C. A. Ribic, F. R. Thompson III, and P. J. Pietz, editors. 
Video surveillance of nesting birds. Studies in Avian Biology (no. 43), University of 
California Press, Berkley, USA. 
Thompson III, F. R., T. M. Donovan, R. M. DeGraff, J. Faaborg, and S. K. Robinson. 2002. A 
multi-scale perspective of the effects of forest fragmentation on birds in eastern forests. 
Studies in Avian Biology 25:8–19. 
USDA National Agricultural Statistics Service Cropland Data Layer. 2014. Published crop-
specific data layer [Online]. Available at http://nassgeodata.gmu.edu/CropScape/ 
(accessed 5 November, 2015; verified 14 April, 2016). USDA-NASS, Washington, DC. 
Weidinger, K. 2009. Nest predators of woodland open-nesting songbirds in central Europe. Ibis 
151:352–360.  
Weldon, A. J. and N. M. Haddad. 2005. The effects of patch shape on indigo buntings: evidence 
for an ecological trap. Ecology 86:1422–1431. 
Wiens, J. A. 1989. Spatial scaling in ecology. Functional Ecology 3:385–397.  
Winter, M., D. H. Johnson, J. A. Shaffer, T. M. Donovan, and W. D. Svedarsky. 2006. Patch size 
and landscape effects on density and nesting success of grassland birds. Journal of 
Wildlife Management 70:158–172.  
47 
 
CHAPTER 3: AVIAN NEST DEFENSE BEHAVIORS ARE PREDICTED BY PUBLIC 
INFORMATION REGARDING NEST PREDATION RISK 
 
ABSTRACT 
 
Parental nest defense is a widespread behavior in birds.  An important determinant of the level of 
risk parents take during nest defense is offspring value, which can be represented by the 
probability of offspring fledging (i.e., nest success).  Although numerous sources of information 
might convey nest success probability, some may be more reliable or more readily available than 
others.  Public information (PI) regarding nest predation risk may play an important role in nest 
defense, though its use has not been studied in this context.  I examined if nest defense in shrub-
nesting birds was related to PI regarding nest predation risk and how PI use differed among 
migratory and resident species.  To address these, I examined variation in flush initiation 
distance (FID) and the level of parental aggression in response to observer visits to nests.  I 
estimated FID at 1091 nests and recorded aggression at 1424 nests of six shrub-nesting bird 
species.  I found that two species engaged in riskier nest defense behaviors (shorter FID, greater 
aggressiveness) when PI indicated greater offspring value (i.e., lower nest predation risk).  
Interestingly, birds used heterospecific PI, but not conspecific PI, potentially because the amount 
of heterospecific PI available near nests exceeded that of conspecific PI.  I also found that only 
migratory species used PI, presumably because residents had time to personally acquire 
information about risk prior to nesting; migratory species under time constraints to initiate nests 
likely found PI a more time efficient way to gauge predation risk.  My results reveal that PI 
regarding nest predation risk can predict parental nest defense behavior and that its use may 
depend on a species’ life history traits.  Furthermore, although the importance of PI during 
habitat selection and settlement behaviors in birds is widely recognized, my results illustrate 
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birds use PI in other contexts as well, suggesting an avenue for further research into the role PI 
plays in influencing bird behavior.   
INTRODUCTION 
 
Parental defense of dependent young in response to a predatory threat is a widespread 
behavior in animals (e.g., Magnhagen 1992, Caro 2005).  Among birds, particularly short-lived 
species, such defense is especially important for protecting vulnerable eggs or nestlings 
(hereafter offspring) confined to nests, as predation is the leading cause of nesting failure for 
most species (Ricklefs 1969, Martin 1992).  Thus, for many birds, effective defense strategies 
may be the difference between successful and failed reproduction (e.g., Greig-Smith 1980, 
Blancher and Robertson 1982, Cresswell 1997a, Kleindorfer et al. 2003). However, nest defense 
is not without its costs, as it requires energy, diverts time away from other activities (e.g., self-
maintenance), and places parents in situations that may lead to injury or death (Curio and 
Regelmann 1985, Brunton 1986).  As a result, parents must strike a balance between the need to 
protect their offspring (i.e., current reproductive effort) and the need to protect themselves (i.e., 
future reproductive potential), a tradeoff central to parental investment theory (Trivers 1972, 
Montgomerie and Weatherhead 1988).  It follows that more valuable offspring (e.g., those more 
likely to fledge) should be defended more intensely than less valuable offspring (e.g., those more 
likely to be depredated), since the costs to adults of defending offspring with low survival 
prospects outweigh the fitness benefits of doing so (Montgomerie and Weatherhead 1988).  
Critical to parents engaging in the most appropriate level of nest defense (i.e., that in which 
personal risk taking is based on offspring value) is their ability to assess nest predation risk and, 
thus, the relative value of their offspring.   
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Birds use a variety of information sources to assess how risky a nest area is (Lima 2009).  
This information may be personally acquired, such as nest predator abundance (e.g., Fontaine 
and Martin 2006, Peluc et al. 2008, Dassow et al. 2011, Zanette et al. 2011), nest site features 
that influence predation probability (e.g., Ricklefs 1977, Kleindorfer et al. 2005, Kearns and 
Rodewald 2013), or the fate of one’s own nesting attempt (e.g., Marzluff 1988, Eggers et al. 
2006).  Indeed, evidence indicates nesting birds assess and alter their behaviors in response to 
personal evaluation of nest predation risk (Kleindorfer et al. 2003, 2005).  Birds may also acquire 
information about risk via the performance or behavior of other individuals (i.e., public 
information; Valone 1989, Danchin et al. 1998, Lima 2009).  For example, the presence of 
singing males in the post-breeding season, nesting activity (e.g., nest attendance, nestling 
feedings), the abundance of fledglings, and the fate of neighbors’ nests provide evidence of the 
reproductive quality of an area (Hoover 2003, Pärt and Doligez 2003, Doligez et al. 2004, Ward 
2005, Betts et al. 2008).  Some of this information may be collected by birds via visits to nests or 
observation of the performance of individuals of the same or different species (e.g., Parejo et al. 
2005, Forsman and Thomson 2008).  The absence of such cues is likely to indicate that an area is 
risky (i.e., nest predation rates are high), which conveys to parents that the probability of 
offspring survival is low (i.e., low offspring value). Thus, cues that provide information about 
the nest predation risk of an area have the potential to influence nest defense behaviors.  
Although evidence suggests public information (hereafter PI) regarding nest predation risk does 
influence parental nest defense (Dassow et al. 2011), the relationship between PI and nest 
defense in birds has not, to my knowledge, been explicitly examined.    
PI use is increasingly recognized as a means by which birds evaluate the relative quality 
of an area, as it has numerous benefits that make it a valuable source of information.  For 
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example, it is easy to obtain and is a generally reliable indicator of the quality of an area (sensu 
Doligez et al. 1999, Danchin et al. 2004, Sergio and Penteriani 2005, Betts et al. 2008).  In 
contrast to personal information, PI can be energetically cheaper, less risky, and less time 
consuming to acquire under certain conditions (Morris 1992, Valone 2007).  For example, PI is 
particularly important for individuals lacking up-to-date or inaccurate personal information about 
the reproductive quality of an area who may also need to make quick nesting and settlement 
decisions (e.g., migrants; Doligez et al. 1999, Coolen et al. 2003, van Bergen et al. 2004).  
Furthermore, PI can be gleaned from not only conspecifics, but also from heterospecifics (Parejo 
et al. 2005, Seppänen et al. 2007, Ward et al. 2010).  This may be especially valuable to species 
that nest later than their heterospecific neighbors (sensu Forsman and Thomson 2008), as PI 
about heterospecific performance could be obtained before personal or conspecific performance 
information is available.  Such widespread use of PI in birds suggests it may also represent a 
source of information that parents can use to gauge how much risk to take in defense of their 
nests.    
The goals of this study were to determine (1) if nest defense behaviors were explained by 
PI regarding nest predation risk, (2) how such behaviors differed among species with different 
life histories, and (3) how behaviors varied with differing levels of risk (i.e., probability of nest 
predation).  Specifically, I examined if patterns in two behaviors, flush initiation distance and 
aggression toward a perceived threat, were explained by and varied with conspecific and 
heterospecific PI regarding nest predation risk.  I suspected that different nesting species might 
use conspecific and heterospecific PI differently depending on both their life history traits and 
which PI provides the most accurate and up-to-date information about risk.  Specifically, I 
predicted that whereas the defensive behaviors of migratory species would be predicted by PI, 
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the behaviors of residents would not be, as residents are presumably able to acquire personal 
information about the riskiness of an area prior to nesting, precluding their need for PI.  I also 
predicted that the nest defense behaviors of migratory species that begin nesting later in the 
season than their heterospecific neighbors would be explained by heterospecific rather than 
conspecific PI.  Lastly, I predicted that, regardless of what form of information parents use, they 
would take greater risks (i.e., flush at shorter distances, respond more aggressively to observers) 
when the probability of nest survival was greater (i.e., the nesting attempt was of greater value). 
METHODS 
Study Sites 
I studied parental behaviors at three sites in east-central Illinois and seven sites in 
northeastern Illinois, USA during 2012 and 2013.  Sites contained open areas interspersed with 
both clusters and individual shrubs.  Shrubland habitats were comprised primarily of herbaceous 
vegetation such as blackberry (Rubus spp.) and common goldenrod (Solidago canadensis) as 
well as woody vegetation such as autumn olive (Elaeagnus umbellata), honeysuckle (Lonicera 
spp.), eastern red cedar (Juniperus virginiana), multiflora rose (Rosa multiflora), hawthorn 
(Crataegus spp.), and dogwood (Cornus spp.).   
Study Species 
I examined parental behavior among six shrub-nesting bird species: American goldfinch 
(Spinus tristis), American robin (Turdus migratorious), brown thrasher, (Toxostoma rufum), field 
sparrow (Spizella pusilla), gray catbird (Dumetella carolinensis), and northern cardinal 
(Cardinalis cardinalis).  I chose these species because they were the most numerous across my 
10 sites and their breeding seasons differed in their length and timing of initiation, thereby 
enabling me to examine if these characteristics led to differential use of PI among species.  Also, 
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the nest locations of these species cover a range of heights and vegetation conditions (e.g., nest 
concealment), which causes nest predation risk to vary.  Furthermore, all species are passerines, 
which are expected to gain the most from engaging in risky nest defense because of their 
relatively short life expectancies (Montgomerie and Weatherhead 1988). All species are open-
cup nesters.  American goldfinches, American robins, and northern cardinals were considered 
resident species.  Although American robins do migrate to some degree, they return to their 
breeding grounds in Illinois weeks before most other migrants return, likely reducing their 
reliance on PI.  Furthermore, robins have become increasingly non-migratory during recent 
decades, migrating only short distances or even defending territories in winter (Vanderhoff et al. 
2014).  Brown thrashers, field sparrows, and gray catbirds are migratory species that return to 
Illinois and initiate nesting shortly after arrival.  
Nest Monitoring and Nest Defense Behaviors  
I located nests using systematic searches and parental behavior from 1 April through 
approximately 1 September during both years.  I visited nests approximately every 3 days (mean 
visitation interval length [±SE] = 2.97 ± 0.007 days; range: 1–13 days) until failure or fledging.  
To minimize the chance that the defensive behaviors of birds were impacted by their familiarity 
with the same observer (Knight and Temple 1986), when possible I alternated among observers 
checking nests so that the same observer did not check the same nest on consecutive visits.  Any 
potential for repeated nest visits by the same observer to affect bird behavior was further reduced 
by my including nest as a random effect in analyses, which accounted for the non-independence 
of repeated visits to nests (see below).  During nest visits, I walked directly at nests at a steady 
pace and maintained a focus on the nest as I approached it.  During each nest visit I recorded two 
parental behaviors that I used as measures of parental risk-taking and defensiveness in my 
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analyses.  The first was flush initiation distance (hereafter FID).  FID in response to human 
approach is a standard measure of risk-taking in animals, is a behavior known to vary in response 
to the perceived level of nest predation risk (Ydenberg and Dill 1986, Fontaine and Martin 2006, 
Dassow et al. 2011, Zanette et al. 2011), and is correlated with parental responses to non-human 
predatory threats (Eckert and Weatherhead 1987).  When a nest has a greater probability of 
surviving, parents are expected to take greater personal risks in defense of it by delaying their 
flushing from the nest as a predator approaches, thereby decreasing the chances the predator will 
locate the nest via its exposed contents.  I calculated FID by first recording the distance between 
the approaching observer and the nest when the parent flushed from the nest.  To account for 
differences in nest height that might impact FID behavior, I obtained the straight-line distance 
between the observer and the flushing parent (Blumstein 2005) by squaring FID and nest height, 
summing these, and taking the square root of this sum.  The second behavior I recorded was how 
aggressively parents reacted to my presence near their nest. I categorized the level of parental 
aggressiveness similar to Pavel and Bureš (2001).  My rankings included: (0) no parent seen or 
heard during the nest check, (1) no parent seen or heard until after the observer left the vicinity 
of the nest, (2) parent seen on or near the nest, but flew from the nest area and not seen or heard 
again, (3) parent seen on or near the nest, but remained silent and within view of the observer, 
(4) parent on or near the nest that called at the observer from a fixed location, (5) parent on or 
near the nest that called while flying or otherwise moving around nest area in an aggressive 
manner, and (6) parent struck, dove at, or otherwise attacked observers.  Similar to FID, parents 
are expected to react more aggressively when they place greater value in their nest, which places 
them at greater risk of injury or death (Curio and Regelmann 1985, Brunton 1986).  All methods 
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involving animals were approved by the University of Illinois Institutional Animal Care and Use 
Committee (Permit # 10127).    
I used these two behavioral measurements as response variables in analyses testing how 
parental behaviors varied in relation to PI regarding nest predation risk.  I knew, through video-
documenting causes of nest failure at my sites, that nest predation was the predominant cause of 
failure in my system (95% of documented failures were due to predation; Chapter 2), making 
estimates of nest survival accurate measures of nest predation risk.  I, therefore, calculated daily 
nest survival rates (hereafter DSR; Shaffer 2004) and used these to represent conspecific and 
heterospecific PI regarding predation risk.  Although DSR itself is not a direct measure of PI, it 
is a correlate of the availability of cues associated with nest survival, such as nestling feedings, 
nestling begging calls, and the presence of fledglings; the absence or reduced presence of such 
cues conveys higher nest predation rates in an area. The behaviors of birds have been shown to 
correlate with site-level variation in nest survival (e.g., Dassow et al. 2011, Pretelli et al. 2015), 
demonstrating the validity of using site-level DSR as a form of PI that may influence nest 
defense in birds.  In some systems dominant nest predators may also prey heavily on adults at the 
nest (Reidy et al. 2008), potentially confounding attempts to link the risks adults are willing to 
take in defense of their nests with those adults take in protecting themselves.  However, of the 
468 nests that were video recorded in a concurrent study, I documented only two (0.4%) 
instances of adults being depredated on their nests, both of which occurred at night.  Thus, the 
nest defense behaviors of birds in this study likely represent attempts by adults to protect their 
nests rather than themselves.   
I excluded the building stage from all calculations (i.e., used only the laying, incubation, 
and nestling stages).  Prior to calculating any DSR estimates, I examined inter-year variation in 
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DSR by comparing the fit of a model with a year effect to a model without a year effect.  In each 
case, the model without the year effect fit the data better, indicating nest survival within sites 
varied little across years.  I, therefore, calculated DSR by combining nests from both years.  I 
calculated conspecific DSR for each species at each of my 10 study sites.  I calculated 
heterospecific DSR estimates for each focal species by combining nest survival data from the 
other five focal species at each site.  For example, to calculate heterospecific DSR for use in 
analyses of American goldfinch behaviors, I combined nest survival data for the other focal 
species at each site to generate site-specific DSR estimates.  To examine and account for any 
changes in the relationship between PI and parental nest defense behaviors over the course of the 
breeding season, I included day of year in my models as both an additive and interactive effect 
with PI.  Specifically, parents may increase their nest defense as the breeding season progresses 
because the opportunity to renest declines and parents may not survive to breed again the 
following year.  In contrast, nest defense may also decline seasonally, as young that fledge later 
in the season may have a lower probability of surviving to the next breeding season (reviewed in 
Montgomerie and Weatherhead 1988).  
In addition to examining the influence of PI, I also examined the influence of two nest 
site features (i.e., forms of personal information) known to influence nest predation risk and, 
therefore, possibly parental nest defense behaviors.  The first was nest height, which is a 
consistently strong predictor of nest survival in my system (SJC unpubl. data) and is one of the 
few nest site features found to influence nest survival in numerous studies (Cresswell 1997b, 
Burhans and Thompson 2006, Peluc et al. 2008, Weatherhead et al. 2010, Horie and Takagi 
2012).  I calculated nest height as the distance between the bottom of the nest and the ground.  
The second was the percent of the nest concealed by vegetation, a feature that can influence nest 
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survival (Cresswell 1997b, Guyn and Clark 1997, Albrecht and Klvaňa 2004, but see Howlett 
and Stutchberry 1996), as well as the behavioral responses of nesting parents to predation threats 
(Ricklefs 1977, Cresswell 1997a, Murphy et al.1997, Burhans and Thompson 2001, Albrecht and 
Klvaňa 2004).  To estimate nest concealment, I removed the nest following failure or fledging 
and oriented a Robel pole (Robel et al. 1970) vertically through the nest’s location such that 
there was a decimeter high band at, above, and below where the nest was.  I estimated the 
percentage of these three decimeter bands obscured by vegetation while standing 5 m away and 
at a height of 1 m in each cardinal direction; I obtained a single nest concealment value for each 
nest by averaging the estimates.  If nests were greater than 1.9 m high (my Robel pole was 2 m 
high), one person elevated the Robel pole while another estimated concealment.   
Statistical Analyses 
Prior to examining the influence of variables of primary interest (e.g., conspecific and 
heterospecific PI), I created a model including variables previously found or hypothesized to 
influence parental behaviors around nests.  These included year, nest age, the number of times a 
nest was visited by an observer (hereafter “nest visit”), the distance between the observer and the 
nest when the observer began to approach it (hereafter “starting distance”).  The positive 
influence of nest age on parental aggressiveness is one of the most consistent patterns detected 
among parental nest defense studies due to the greater probability of more advanced nests being 
successful (reviewed in Montgomerie and Weatherhead 1988, Caro 2005).  I estimated nest ages 
based on the day the first egg was laid (age 0).  If I found a nest beyond when the first egg was 
laid I backdated assuming 1 egg was laid per day.  In cases where I found nests with nestlings, I 
estimated their age based on their physical development or time of fledging and to this I added 
the estimated length of the laying period and the average incubation period lengths for each 
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species based on their average nest stage lengths in the Birds of North America accounts (Halkin 
and Linville 1999, Carey et al. 2008, McGraw and Middleton 2009, Smith et al. 2011, Cavitt and 
Haas 2014, Vanderhoff et al. 2014).  I did not estimate egg development (e.g., via candling or 
floating), so the age of nests found during incubation that subsequently failed during incubation 
were estimated as accurately as possible by assuming that the time period during which I 
monitored such nests occurred approximately in the middle of the incubation stage for each 
species. For example, nests found during incubation that were active for only 6 days 
(approximately two nest visits) for a species with a 12 day incubation period were assumed to 
have been incubating for 3 days when the nest was found, as I halved the 6 days of incubation 
that were unaccounted for and added one half (i.e., 3 days) to the number of days before the nest 
was active.  To control for species-specific differences in how long nests were active and, thus, 
nest age, I converted nest age to a proportional value for each species by dividing each nest age 
by the maximum nest age for that species. This resulted in proportional ages ranging from 0 
(youngest possible age) to 1 (maximum fledging age for a given species).  Beyond modeling the 
effect of nest age, I also modeled the effect of the number of times a nest was visited by 
observers, as this could lead to parental aggressiveness being positively reinforced if parents 
interpret the departure of the potential threat (i.e., a human observer) as a direct result of their 
behavior (Knight and Temple 1986, but see Weatherhead 1989).  Lastly, the distance between 
nests and the starting point of human approach is known to affect the flushing behavior of some 
birds (Blumstein 2003, Blumstein et al. 2003).  By including these variables in every model, I 
attempted to control for their influence in order to isolate the effects of my variables of interest. 
To identify patterns in FID and parental aggressiveness, I used general linear mixed 
models (PROC MIXED; Littell et al. 2006, SAS Institute 2008).  I analyzed these behaviors in 
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two separate analyses.  I log-transformed FID to normalize its distribution for analyses, but 
present parameter estimates and predicted values derived from models using untransformed data 
to make interpretation easier.  I excluded from all analyses parental behaviors recorded during 
the building stage and among nests placed at heights greater than 4 m, as this was approximately 
the height at which I could reliably check nest contents.  I included nest as a random effect in all 
models to account for my recording parental behaviors at the same nests on multiple occasions.  
Although I initially included the region in which study sites were located as a random effect to 
account for potential regional differences in behaviors, it failed to account for additional 
variability (covariance parameter estimate approximately 0) and I, therefore, removed it from 
analyses.  I also examined interactive relationships between some variables (e.g., day of year and 
PI), but dropped interactive terms from models when they provided no additional explanatory 
power.  
I used an information-theoretic approach to evaluate the relative support for my models 
(Burnham and Anderson 2002).  My most simplistic model (hereafter ‘base model’) contained 
the effects of year, nest age, nest visitation number, starting distance.  Although these variables 
were not of primary interest, they can impact nest defense behaviors (see above) and their 
inclusion in all models ensured I accounted for their effect on parental behaviors.  I added to my 
base model the additive and interactive effects of variables of primary interest (i.e., conspecific 
and heterospecific PI, day of year, nest site features).  I ranked models using Akaike’s 
information criterion corrected for small sample sizes (AICc) and calculated model weights.  I 
considered models within 7 ∆AICc of the top model to be competitive, as this represents a 
conservative inclusion of the most plausible models (Burnham et al. 2010).  In cases of model 
selection uncertainty (i.e., when no single model had the vast majority of model weight), I 
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calculated model-averaged predicted values and parameter estimates as well as unconditional 
85% confidence intervals for variables contained within competitive model sets (Burnham and 
Anderson 2002).  I report 85% confidence limits because these reduced limits are more 
appropriate when using AIC-based model selection than 95% limits (Arnold 2010).  I evaluated 
all models for the inclusion of uninformative parameters (i.e., “pretending variables”; Anderson 
2008) by examining model deviance and confidence limits around parameter estimates; I 
excluded models containing pretending variables from reported model sets and did not use them 
when model averaging (Arnold 2010).  Prior to fitting models, I examined correlations among all 
variables and excluded from the same model those that were highly correlated (|r| ≥ 0.70).   All 
analyses were performed in SAS, version 9.4 (SAS Institute, Inc., Cary, NC).  I report means ± 
SE unless otherwise noted. 
RESULTS 
I used a total of 2162 nests to calculate daily nest survival rate (DSR).  This included 275 
American goldfinch (mean nests per site = 27.50 ± 6.18), 427 American robin (mean = 42.70 ± 
9.84), 218 brown thrasher (mean = 21.80 ± 6.09), 490 field sparrow (mean = 49.00 ± 16.77), 445 
gray catbird (mean = 44.50 ± 8.52), and 307 northern cardinal nests (mean = 30.70 ± 6.75).  DSR 
representing heterospecific and conspecific PI regarding nest predation risk varied widely among 
sites, enabling us to examine nest defense behaviors across a relatively wide range of predation 
risk (Appendix A).  For example, the mean difference between minimum and maximum 
conspecific DSR estimates among all species was 0.0417 ± 0.0042.  This difference, when 
extrapolated over the course of a species’ nesting cycle (i.e., laying through nestling stage), 
results in a wide range of nest survival rates.  For example, nest survival in American robins 
varied from 16% to 55% when I extrapolated their lowest (0.9393) and highest (0.9794) DSR 
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estimates, respectively, over the mean 29 day period from the initiation of egg laying to fledging.  
Heterospecific DSR was similarly variable, with a mean difference between minimum and 
maximum DSR estimates among all species of 0.0486 ± 0.0072.   
Flush Initiation Distance 
I estimated FID at 1091 nests at which I flushed birds 2913 times.  This included 187 
American goldfinch (n = 723 flushes), 244 American robin (n = 692), 103 brown thrasher (n = 
268), 257 field sparrow (n = 563), 146 gray catbird (n = 265), and 154 northern cardinal nests (n 
= 402).  I found no single, overwhelmingly supported model that predicted patterns in FID for 
any species (i.e., model selection uncertainty existed in each model set; Table 3.1).  To account 
for this uncertainty I generated model-averaged parameter estimates and unconditional 85% 
confidence intervals for all variables contained within each species’ competitive model set.  
Among variables of interest (i.e., those added to my base model), only heterospecific DSR, nest 
concealment, and day of year predicted patterns in FID, although these relationships were 
restricted to only two of the six species (i.e., American robin and brown thrasher; Table 3.2).  
Specifically, American robins took more risk by flushing at shorter distances when their nests 
were more concealed by vegetation (Table 3.2).  In addition, brown thrasher FID was best 
predicted by an interaction between heterospecific DSR and day of year (Table 3.1).  Early in the 
season, thrashers took greater risks by flushing at shorter distances at sites with higher 
heterospecific DSR (i.e., where offspring value was greater), but took less risk at sites with lower 
heterospecific DSR by flushing at greater distances (Fig. 3.1).  This pattern largely vanished 
towards the end of the season, when FID was approximately even across the gradient of 
heterospecific PI.  American robins and gray catbirds were the only species whose FID appeared 
to be influenced by conspecific DSR (Table 3.1), though this relationship disappeared in both 
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species following model-averaging (Table 3.3).  Lastly, variation in FID for several species was 
explained by the number of times a nest was visited, nest age, starting distance, and year (Tables 
3.2, 3.3).   
Parental Aggressiveness 
My analysis of parental aggressiveness near nests involved 1424 nests and 6495 nest 
visits.  This included 210 American goldfinch (n = 1320 nest visits), 302 American robin (n = 
1389), 118 brown thrasher (n = 563), 346 field sparrow (n = 1156), 247 gray catbird (n = 1241), 
and 201 northern cardinal nests (n = 826).  Although there was model selection uncertainty in 
each model set (Table 3.4), numerous variables of interest emerged as being good predictors of 
aggressiveness in several species.  The best predictor of aggressiveness for American 
goldfinches, American robins, brown thrashers, and northern cardinals was day of year, which 
revealed that parental aggression increased as the breeding season progressed (Tables 3.5, 3.6).  
PI emerged as a predictor of parental aggression in two species.  Specifically, brown thrashers 
and field sparrows were more aggressive at sites with greater heterospecific DSR (i.e., sites with 
greater offspring value; Tables 3.5, 3.6; Fig. 3.2).  The only other variable of interest related to 
aggressiveness was nest height; gray catbird aggression was greater at nests higher above the 
ground.  Variables included in my base model that were not of primary interest also predicted 
aggressiveness in numerous species, with the best overall predictor being nest age (Tables 3.5, 
3.6).   
DISCUSSION 
My results demonstrate that nest defense behaviors are related to PI regarding nest 
predation risk in some birds.  Indeed, parents engaged in riskier nest defense behaviors (shorter 
FID, greater aggressiveness) when PI indicated nest predation risk was lower (i.e., offspring 
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value was greater) revealing a previously unidentified relationship between PI and nest defense 
behaviors.  I also identified numerous exceptions to my predictions regarding the circumstances 
that would lead PI regarding risk to influence nest defense in certain species.  Specifically, the 
amount of PI provided by heterospecific and conspecific performance as well as the time 
between arrival on the breeding grounds and nesting initiation influenced which species used PI.   
In the cases where PI did predict nest defense behaviors, it was heterospecific rather than 
conspecific PI that emerged as the stronger predictor.  Specifically, the nest defense behaviors of 
both brown thrashers and field sparrows were strongly related to heterospecific PI.  Both species 
nest early in the season when heterospecific and conspecific PI should be available.  This begs 
the question, why would heterospecific and not conspecific PI predict nest defense behaviors, 
considering both are presumably available simultaneously and that conspecific PI should align 
more closely with the predatory threats faced by a given species?  I propose that heterospecific 
PI provides a greater amount of information than conspecific PI under certain circumstances 
(sensu Seppänen et al. 2007).  For example, the territorial nature of many non-colonial breeding 
birds (i.e., all focal species in this study) limits the number of conspecifics surrounding any one 
territory and, thus, the amount of conspecific PI available immediately around that territory and 
across a site.  In contrast, individuals are expected to tolerate the presence of other species at 
closer distances than conspecific (Seppänen et al. 2007).  Furthermore, utilization of information 
provided by heterospecifics facing similar pressures may not only be common, but preferred 
(Seppänen et al. 2007).  The use of heterospecific PI may also be perpetuated in structurally 
complex habitats, such as shrublands, where avian communities can be diverse (Roth 1976) and 
the nests of heterospecifics collectively may be denser than nests of conspecifics (SJC pers. 
obs.).  Such conditions likely result in a greater amount of heterospecific PI relative to 
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conspecific PI.  Furthermore, spatio-temporal variability in predation risk and the similar 
vulnerability of many nests to predation by dominant predators in my system (SJC unpubl. data) 
may make heterospecific and conspecific PI equally reliable for gauging nest predation risk.  
Thus, heterospecific PI may not only offer a more holistic portrait of nest predation risk within 
an area, but may also be favored if it is more abundant (Seppänen et al. 2007).  However, a 
remaining question is why parents would rely more heavily on PI and not switch to or rely solely 
on nest site features?  In some instances, constraints faced by species in where they are able to 
nest and the tradeoffs parents face in selecting a site that balances nest protection with parent 
protection and amenable thermoregulatory conditions around nests may promote PI use. Species 
whose nests are frequently at risk of predation because they are constrained in their ability to 
place nests in safer locations (e.g., higher above the ground) may find it most beneficial to rely 
on PI for evaluating offspring value, as reliance on nest site features would likely convey a 
consistent level of risk.  Thus, in such cases, reliance on PI may be the most accurate way to 
gauge offspring value and the appropriate level of risk in which to engage.   
My prediction that nest defense in migratory species, but not residents, would be related 
to PI was somewhat supported, as the behaviors of two (brown thrasher, field sparrow) of the 
three migratory species I studied showed a relationship with PI.  This prediction was based on 
the hypothesis that migrants, who are often under time constraints to begin breeding, are more 
likely to utilize PI because it is more time and energy efficient to collect when personal 
information is lacking or is outdated (Morris 1992, Valone 2007).  For example, I expected gray 
catbirds to use heterospecific PI because they not only arrive several weeks after other species 
have begun nesting, giving them access to up-to-date heterospecific PI, but they also initiate 
nesting quickly after arrival.  Yet, catbird behavior was unrelated to PI, but was strongly and 
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positively related to nest height, which is a strong predictor of nest survival in my system and 
others (Cresswell 1997b, Burhans and Thompson 2006, Peluc et al. 2008, Weatherhead et al. 
2010, Horie and Takagi 2012).  However, this does not necessarily mean catbirds did not use PI.  
Rather, PI may have influenced the height at which catbirds chose to place their nests (Kearns 
and Rodewald 2013), which then influenced the perceived value of their offspring and, 
subsequently, the intensity of their nest defense.  Thus, even when presumably up-to-date PI 
regarding predation risk is available to some species, other factors may have a stronger bearing 
on how parents react to predation risk.   
The costs associated with engaging in nest defense (Curio and Regelmann 1985, Brunton 
1986) should lead parents to seek the most accurate, up-to-date information available on 
offspring value.  Although PI regarding nest predation risk is one factor that could influence the 
value that parents place in their offspring, more direct measures of risk may be preferred in some 
species.  For example, parents are essentially tied to a given nest site until their nests fail or 
fledge young, which may shift reliance to more tangible and reliable (consistent) measures of 
offspring value upon nest initiation (e.g., nest height, nest age).  Such reliance may be 
strengthened by the fact that nest predation varies through time and space, which could cause PI 
to become inaccurate or outdated with time, an important factor in its use (Valone 2007).  The 
potential for PI to become less accurate through time may be exacerbated by nest predation 
varying over the course of the breeding season, a pattern evident in my system and elsewhere 
(Sperry et al. 2008, Benson et al. 2010, Cox et al. 2012, Hirsch-Jacobson et al. 2012).  Indeed, a 
concurrent study revealed that the fledging behavior of nestlings was better predicted by nest site 
features than site-specific DSR (Chiavacci et al. 2015), suggesting more direct measures of nest 
predation risk may be more reliable (Kleindorfer et al. 2003, 2005).  However, my results also 
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illustrate that nest site characteristics, like PI, do not influence the nest defense behaviors of all 
species, suggesting more consistent measures of offspring value (e.g., nest age) may be the most 
reliable means by which parents gauge the value in incurring risks during nest defense.    
Much of our understanding of how organisms should behave in response to predatory 
threats to their offspring is centered on the idea that parents should risk more for offspring of 
greater value (Trivers 1972, Montgomerie and Weatherhead 1988).  My results supported this 
hypothesis.  Yet, the exact mechanisms leading parents to vary the level of risk they took 
defending their offspring (presumably based on offspring value) differed among species, 
illustrating differences in PI use among species with different life histories and those whose nests 
sites expose them to different levels of predation risk.  Although I sought to identify direct links 
between PI and parental behaviors, my ability to detect such links may have been complicated by 
some species using PI to adjust where they placed their nest rather than how they responded to 
perceived threats (Kearns and Rodewald 2013).   It is important to note, however, that my results 
could be unique to shrub-nesting birds.  Specifically, this group tends to suffer high rates of nest 
predation in general (Martin 1993).  Such high predation may make them more reliant on direct 
measures of risk due to the potential costs of nest defense being out of sync with offspring value 
if the PI used is less accurate.  Shrub-nesting birds may also occupy habitats with a higher 
density of nesting neighbors who also face similar predation pressure, thereby increasing the 
amount of heterospecific PI relative to conspecific PI available to them.  I, therefore, encourage 
others to study the relationship between the nest defense behaviors of parent birds and PI in other 
habitats where nest survival rates are likely to differ.  Although the importance of PI during 
habitat selection and settlement behaviors in birds is widely recognized (e.g., Doligez et al. 1999, 
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Ward 2005, Betts et al. 2008), my results reveal birds use PI in other contexts as well, opening 
up an avenue for further study into the use of PI during nest defense.   
Although I identified relationships between PI and nest defense, numerous questions 
remain unanswered.  For example, the use of heterospecific over conspecific PI may have been 
influenced by the densities of these groups surrounding territories and across a site.  As 
mentioned previously, the influence of heterospecific PI might be specific to habitats that support 
diverse nesting bird communities whose nests are in close proximity.  It is unclear, however, 
whether PI would influence nest defense in habitats with less diverse bird communities.  Habitat 
conditions may further impact the use of heterospecific over conspecific PI, as species whose 
nest placement exposes them to similar nest predators (e.g., grassland-nesting birds occupying a 
narrow range of nest heights) may provide reliable predation risk information to individuals in 
the same habitat.  In contrast, species whose nest sites result in them being exposed to different 
predators may be less reliant on heterospecific PI (e.g., forest-nesting birds nesting at a wide 
range of heights; Cox et al. 2012).  Ultimately, experimental studies that alter conspecific and 
heterospecific nest survival (e.g., via predator exclusion, predator removal, induced predation) 
will help pinpoint the mechanisms by which PI influences nest defense.  The spatial and 
temporal scales at which birds may use PI to assess predation risk also remain unclear.  Although 
I focused on site-level DSR over the entire season, it may be that PI at finer spatial scales and 
over shorter time periods would better predict nest defense behaviors.  A manipulative approach 
at the nest- or study-site scale could be used to help clarify the spatial extent at which PI 
regarding nest predation risk influences nest defense behaviors.  It’s also possible that 
information from longer temporal scales, such as the prior breeding season, influenced nest 
defense behaviors in the current season.  An experimental study with marked individuals would 
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illuminate the time period during which PI regarding nest predation risk is most influential to 
nest defense.  Although PI regarding nest predation risk is not the only information birds rely on 
to determine their level of nest defense, my results illustrate that exploring the influence of PI on 
avian nest defense can expand our understanding of both the extent of PI use and the types of 
information that impact nest defense behaviors in birds. 
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TABLES AND FIGURES 
Table 3.1. Model selection results from models predicting patterns in the distance at which 
parent birds flushed from their nests in response to an observer’s approach (i.e., flush initiation 
distance; FID), Illinois, USA, 2012–2013.  Only models contained within competitive model sets 
(i.e., < 7 ∆AICc) are shown for each species. 
 
  Model K
a
 ─2Log(L) ∆AICc
b
 wi
c
 
American goldfinch     
 
  
 
Base
e
 5 192.00 0.00
e
 0.23 
 
Base + nest concealment 6 190.30 0.30 0.20 
 
Base + conspecific DSR 6 190.90 0.90 0.15 
 
Base + nest concealment + conspecific DSR 7 189.40 1.50 0.11 
 
Base + day of year 6 192.00 2.00 0.08 
 
Base + heterospecific DSR 6 192.00 2.00 0.08 
 
Base + nest concealment + heterospecific DSR 7 190.30 2.40 0.07 
 
Base + day of year + conspecific DSR 7 190.80 2.90 0.05 
 
Base + day of year + heterospecific DSR 7 192.00 4.00 0.03 
American robin 
    
 
Base + nest concealment + conspecific DSR 7 691.90 0.00
f
 0.46 
 
Base + nest concealment 6 694.80 0.90 0.29 
 
Base + nest concealment + heterospecific DSR 7 693.00 1.20 0.25 
Brown thrasher 
    
 
Base + day of year + heterospecific DSR +  
(day of year × heterospecific DSR) 8 274.70 0.00
g
 0.78 
 
Base + heterospecific DSR 6 283.10 4.00 0.11 
 
Base + nest concealment + heterospecific DSR 7 281.10 4.20 0.10 
Field sparrow 
    
 
Base + day of year + heterospecific DSR 7 790.00 0.00
h
 0.46 
 
Base + day of year 6 792.70 0.60 0.34 
 
Base + day of year + conspecific DSR 7 792.50 2.50 0.13 
 
Base 5 800.70 6.50 0.02 
Gray catbird 
    
 
Base + nest concealment + conspecific DSR 7 121.90 0.00
i
 0.55 
 
Base + nest concealment 6 127.00 3.00 0.12 
 
Base + nest concealment + heterospecific DSR 7 125.30 3.40 0.10 
 
Base + conspecific DSR 6 128.00 3.90 0.08 
 
Base + day of year + conspecific DSR 7 126.60 4.70 0.05 
 
Base 5 131.70 5.60 0.03 
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Table 3.1 (cont.) 
 
 
Base + day of year 6 129.80 5.80 0.03 
 
Base + heterospecific DSR 6 130.40 6.40 0.02 
 
Base + day of year + heterospecific DSR 7 128.70 6.90 0.02 
Northern cardinal 
    
 
Base + nest concealment 6 405.50 0.00
j
 0.53 
 
Base 5 409.90 2.20 0.18 
 
Base + day of year 6 408.80 3.30 0.10 
 
Base + conspecific DSR 6 409.80 4.30 0.06 
 
Base + heterospecific DSR 6 409.90 4.30 0.06 
 
Base + day of year + conspecific DSR 7 408.70 5.30 0.04 
  Base + day of year + heterospecific DSR 7 408.80 5.40 0.04 
a
 Number of parameters. 
b Difference in corrected Akaike’s Information Criterion; ∆AICc = AICci – min. AICc. 
c
 Model weight.
 
d 
Base model included the effects of year, observer starting distance, nest age, and the number of 
times nests were visited by observers. 
e
 Min. AICc = 206.20. 
f
 Min. AICc = 710.10. 
g
 Min. AICc = 295.60. 
h
 Min. AICc = 808.40. 
i
 Min. AICc = 140.60. 
j
 Min. AICc = 421.90. 
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Table 3.2. Model-averaged parameter estimates and unconditional 85% confidence intervals for all variables contained within 
competitive model set (i.e., < 7 ∆AICc) predicting patterns in the distance at which parent birds flushed from their nests in response to 
an observer’s approach (i.e., flush initiation distance; FID), Illinois, USA, 2012–2013.  Bold values indicate unconditional 85% 
confidence intervals did not encompass zero. 
 
  American goldfinch   American robin   Brown thrasher 
Variable ˆ  85% CI 
 
bˆ  85% CI 
 
bˆ  85% CI 
Year 0.5512 0.2897 to 0.8127 
 
0.0358 -0.3009 to 0.3726 
 
0.0979 -0.3291 to 0.5250 
Starting distance
a
 0.0256 -0.0173 to 0.0684 
 
0.0536 0.0164 to 0.0908 
 
-0.0314 -0.0926 to 0.0296 
Nest age 0.0539 -0.7489 to 0.8567 
 
-1.1678 -1.8947 to -0.4409 
 
-0.1512 -1.2070 to 0.9044 
Nest visit
b 
0.0952 0.0201 to 0.1704 
 
0.1363 0.0274 to 0.2452 
 
0.0159 -0.1722 to 0.2041 
Conspecific DSR
c
 -4.3509 -16.3147 to 7.6128 
 
-3.2976 -12.5329 to 5.9378 
 
-----
 d
 ----- 
Heterospecific DSR -0.2669 -4.8742 to 4.3402 
 
-1.1673 -8.8657 to 6.5312 
 
-123.4006 -219.0996 to -27.7015 
Nest concealment -0.0031 -0.0109 to 0.0047 
 
-0.0243 -0.0341 to -0.0146 
 
-0.0008 -0.0064 to 0.0048 
Day of year -0.0003 -0.0063 to 0.0056   ----- -----   -0.6399 -1.2280 to -0.0518 
a
 The distance between the observer and nest when the observer began approaching the nest. 
b
 Number of times a nest was visited by an observer. 
c
 DSR = Daily nest survival rate. 
d
 Variable was not contained in models that comprised the competitive model set. 
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Table 3.3. Model-averaged parameter estimates and unconditional 85% confidence intervals for all variables contained within 
competitive model sets (i.e., < 7 ∆AICc) predicting patterns in the distance at which parent birds flushed from their nests in response to 
an observer’s approach (i.e., flush initiation distance; FID), Illinois, USA, 2012–2013.  Bold values indicate unconditional 85% 
confidence intervals did not encompass zero. 
 
  Field sparrow   Gray catbird   Northern cardinal 
Variable bˆ  85% CI   bˆ  85% CI   bˆ  85% CI 
Year 0.0298 -0.2717 to 0.3314 
 
0.0468 -0.2686 to 0.3624 
 
0.1489 -0.1164 to 0.4143 
Starting distance
a
 0.0440 -0.0038 to 0.0920 
 
-0.0370 -0.0860 to 0.0120 
 
-0.0040 -0.0252 to 0.0171 
Nest age 0.7813 0.0498 to 1.5129 
 
-0.1623 -0.8966 to 0.5718 
 
0.4893 -0.2784 to 1.2572 
Nest visit
b
 -0.2280 -0.3465 to -0.1096 
 
0.0886 -0.0839 to 0.2612 
 
-0.0913 -0.2280 to 0.0454 
Conspecific DSR
c
 -0.3190 -3.4526 to 2.8145 
 
-14.1600 -36.7734 to 8.4532 
 
-0.0112 -1.9169 to 1.8944 
Heterospecific DSR -7.9962 -23.7764 to 7.7840 
 
-0.7977 -6.3953 to 4.7998 
 
0.0002 -0.7512 to 0.7517 
Nest concealment -----
d
 ----- 
 
-0.0115 -0.0260 to 0.0029 
 
-0.0068 -0.0201 to 0.0066 
Day of year 0.0035 -0.0019 to 0.0089   0.0005 -0.0029 to 0.0041   0.0003 -0.0021 to 0.0028 
a
 The distance between the observer and nest when the observer began approaching the nest. 
b
 Number of times a nest was visited by an observer. 
c
 DSR = Daily nest survival rate. 
d
 Variable was not contained in models that comprised the competitive model set. 
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Table 3.4. Model selection results from models predicting the level of aggressiveness with which 
nesting parents responded to the presence of a human observer visiting their nest, Illinois, USA, 
2012–2013.  Only models contained within competitive model sets (i.e., < 7 ∆AICc) are shown 
for each species. 
 
  Model K
a
 ─2Log(L) ∆AICc
b
 wi
c
 
American goldfinch 
    
 
Base
d
 + day of year 6 5638.20 0.00
e
 0.48 
 
Base + day of year + conspecific DSR 7 5636.10 0.00 0.48 
American robin 
    
 
Base + day of year + heterospecific DSR 7 5315.90 0.00
f
 0.37 
 
Base + day of year 6 5318.30 0.30 0.32 
 
Base + day of year + conspecific DSR 7 5316.50 0.50 0.29 
Brown thrasher 
    
 
Base + day of year + heterospecific DSR 7 2369.80 0.00
g
 0.49 
 
Base + day of year 6 2373.60 1.70 0.21 
 
Base + day of year + conspecific DSR 7 2373.60 3.80 0.07 
 
Base + nest height + heterospecific DSR 7 2373.90 4.20 0.06 
 
Base + heterospecific DSR 6 2376.40 4.60 0.05 
 
Base + nest concealment + heterospecific DSR 7 2375.60 5.80 0.03 
Field sparrow 
    
 
Base + heterospecific DSR 6 4876.10 0.00
h
 0.98 
Gray catbird 
    
 
Base + nest height 6 5489.60 0.00
i
 1.00 
Northern cardinal 
    
 
Base + day of year 6 3497.40 0.00
j
 0.82 
 
Base + nest height 6 3501.70 4.20 0.10 
 
Base + nest height + conspecific DSR 7 3501.50 6.10 0.04 
  Base + nest height + heterospecific DSR 7 3501.50 6.10 0.04 
a
 Number of parameters. 
b Difference in corrected Akaike’s Information Criterion; ∆AICc = AICci – min. AICc. 
c
 Model weight.
 
d 
Base model included the effects of year, observer starting distance, nest age, and the number of 
times nests were visited by observers. 
e
 Min. AICc = 5654.30. 
f
 Min. AICc = 5334.10. 
g
 Min. AICc = 2388.10. 
h
 Min. AICc = 4892.20. 
i
 Min. AICc = 5505.80. 
j
 Min. AICc = 3513.60. 
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Table 3.5. Model-averaged parameter estimates and unconditional 85% confidence intervals for all variables contained within 
competitive model set (i.e., < 7 ∆AICc) predicting the level of aggressiveness of parent birds in response to the presence of observers 
near their nest, Illinois, USA, 2012–2013.  Bold values indicate unconditional 85% confidence intervals did not encompass zero. 
 
  American goldfinch   American robin   Brown thrasher 
Variable bˆ  85% CI 
 
bˆ  85% CI 
 
bˆ  85% CI 
Year -0.2104 -0.4185 to -0.0023 
 
-0.1711 -0.3452 to 0.0028 
 
-0.0937 -0.4318 to 0.2443 
Starting distance
a
 -0.0138 -0.0472 to 0.0195 
 
0.0274 0.0062 to 0.0486 
 
-0.0171 -0.0601 to 0.0259 
Nest age -2.9687 -3.7214 to -2.2159 
 
0.4800 0.1464 to 0.8136 
 
0.4750 -0.2941 to 1.2443 
Nest visit
b
 -0.0634 -0.0923 to -0.0345 
 
0.0066 -0.0196 to 0.0328 
 
-0.0376 -0.0791 to 0.0037 
Conspecific DSR
c
 5.2648 -5.5287 to 16.0584 
 
-1.6927 -6.7007 to 3.3153 
 
-0.1521 -4.5233 to 4.2192 
Heterospecific DSR -----
d
 ----- 
 
-3.1814 -10.7728 to 4.4099 
 
8.6223 -2.5266 to 19.7712 
Nest height ----- ----- 
 
----- ----- 
 
0.0216 -0.1186 to 0.1618 
Nest concealment ----- ----- 
 
----- ----- 
 
0.0002 -0.0025 to 0.0030 
Day of year 0.0272 0.0156 to 0.0387   0.0108 0.0068 to 0.0149   0.0129 0.0021 to 0.0237 
a
 The distance between the observer and nest when the observer began approaching the nest. 
b
 Number of times a nest was visited by an observer. 
c
 DSR = Daily nest survival rate. 
d
 Variable was not contained in models that comprised the competitive model set. 
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Table 3.6. Model-averaged parameter estimates and unconditional 85% confidence intervals for all variables contained within 
competitive model set (i.e., < 7 ∆AICc) predicting the level of aggressiveness of parent birds in response to the presence of observers 
near their nest, Illinois, USA, 2012–2013.  Bold values indicate unconditional 85% confidence intervals did not encompass zero. 
 
  Field sparrow
a 
  Gray catbird
a
   Northern cardinal 
Variable bˆ  85% CI 
 
bˆ  85% CI 
 
bˆ  85% CI 
Year -0.0770 -0.2756 to 0.1216 
 
-0.4234 -0.6660 to -0.1807 
 
0.2238 -0.0300 to 0.4776 
Starting distance
b
 -0.0122 -0.0436 to 0.0191 
 
-0.0202 -0.0580 to 0.0177 
 
-0.0154 -0.0542 to 0.0232 
Nest age 1.3060 0.9009 to 1.7111  
 
1.5478 1.0044 to 2.0912 
 
0.7948 0.0580 to 1.5317 
Nest visit
c
 0.0081 -0.0237 to 0.0398 
 
-0.0094 -0.0667 to 0.0479 
 
-0.0518 -0.0947 to -0.0089 
Conspecific DSR
d
 -----
e 
----- 
 
----- ----- 
 
0.0641 -1.2741 to 1.4023 
Heterospecific DSR 27.8692 17.8462 to 37.8921  
 
----- ----- 
 
-0.0900 -1.8054 to 1.6254 
Nest height ----- ----- 
 
0.6644 0.4670 to 0.8617 
 
0.0819 -0.1839 to 0.3477 
Nest concealment ----- ----- 
 
----- ----- 
 
----- ----- 
Day of year ----- -----   ----- -----   0.0093 0.0021 to 0.0166 
a
 Parameter estimates and 85% CIs not model-averaged because the top model predicting catbird aggression was overwhelmingly 
supported. 
b
 The distance between the observer and nest when the observer began approaching the nest. 
c
 Number of times a nest was visited by an observer. 
d
 DSR = Daily nest survival rate. 
e
 Variable was not contained in models that comprised the competitive model set. 
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Figure 3.1. Model-averaged predicted estimate of brown thrasher flush initiation distance as a 
function of the interaction between day of year and heterospecific daily nest survival rate (DSR), 
Illinois, USA, 2012–2013.   
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Figure 3.2. Model-averaged predicted level of aggression (and unconditional 85% confidence 
limits) during nest defense in (a) brown thrashers and (b) field sparrows as a function of 
heterospecific daily nest survival rate (DSR), Illinois, USA, 2012–2013.  Aggressiveness was 
ranked on a scale ranging from least (score of 0) to most aggressive (score of 6).  Field sparrow 
predicted values re based on only the top model, as it was overwhelmingly supported.
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CHAPTER 4: WHY FLEDGE EARLY IN THE DAY? EXAMINING THE ROLE OF 
PREDATION RISK IN EXPLAINING FLEDGING BEHAVIOR
1 
 
ABSTRACT 
Predation represents the primary cause of mortality for both nestling and fledgling birds and is 
often greatest in the days immediately before and after nest departure.  Due to the selective 
pressures of such high mortality rates, behaviors likely evolved to increase the survival of young.  
Among altricial species, fledging often occurs in the morning with most nestlings leaving within 
six hours of sunrise.  However, why nestlings tend to fledge in the morning and whether this 
strategy is a response to predation risk is unknown.   We investigated how the time of day when 
fledging began and how rapidly broodmates fledged were influenced by nest predation rates and 
nest site features that affect nest predation risk.  We video recorded 477 fledging events at 202 
nests of 17 species.  Nestlings occupying nests with greater predation risk initiated fledging 
earlier in the day than those at safer nests.  Similarly, broodmates in riskier nests fledged over a 
shorter period of time than broodmates in safer nests.  Our findings support the hypothesis that 
predation risk influences the time of day when fledging occurs.   By fledging earlier and more 
quickly, young in high risk nests presumably decrease their chances of being depredated in the 
nest, while those occupying safer nests are likely under reduced pressure to fledge as early and 
quickly as possible. These results indicate that nestlings preparing to fledge likely face more 
complex situations than currently understood and the timing of nest departure is an important 
decision made in an effort to maximize fledgling fitness. 
 
1
This chapter has been published in Behavioral Ecology. Full citation: Chiavacci, S. J., M. P. Ward, 
and T. J. Benson. 2015. Why fledge early in the day? Examining the role of predation risk in 
explaining fledging behavior. Behavioral Ecology 26:593–600. 
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INTRODUCTION 
The transition from nestling to fledgling is one of the most important periods in the life of 
altricial birds.  Prior to leaving the nest, the primary threat to nestling survival is predation 
(Ricklefs 1969, Martin 1993), which increases with nestling age (i.e., nearer to fledging; Stake et 
al. 2005, Streby and Andersen 2013b).  Similarly, the greatest threat to a fledgling’s survival is 
also predation and the period immediately following nest departure is often particularly 
dangerous, as fledglings have little capacity to escape predators (reviewed in Cox et al. 2014).  
This high predation risk faced in the days immediately before and after fledging should, 
therefore, exert strong selective pressures on birds to evolve behaviors that minimize predation 
risk (e.g., Lima 2009). 
 One way birds may confront predation risk is via adjustments in the amount of time 
nestlings remain in the nest, given that predation is likely greater during the nestling than early 
fledging period (Roff et al. 2005).  For example, under high nest predation risk, nestlings 
develop more quickly and fledge at younger ages to reduce the probability they will be 
depredated in the nest, which increases with time spent in the nest (e.g., Bosque and Bosque 
1995, Martin 1995, Martin et al. 2011).  However, this strategy causes young to fledge at an 
earlier developmental state whereby they have relatively shorter (less developed) wings and 
lower relative masses (Remeš and Martin 2002, Cheng and Martin 2012), both of which reduce 
fledgling survival (e.g., Naef-Daenzer et al. 2001, Monros et al. 2002, Suedkamp Wells et al. 
2007, Greño et al. 2008, Martin 2014).  Alternatively, when nest predation risk is low, nestlings 
may remain in their nests beyond when they are physically able to fledge (Remeš and Martin 
2002, Bowers et al. 2013).  In doing so, they may increase their mass and degree of wing 
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development at fledging, thereby improving their chances of escaping predators (Vitz and 
Rodewald 2011, but see Anders et al. 1997).  Thus, the process of fledging represents a tradeoff 
in the costs and benefits of remaining in versus departing the nest.  However, this tradeoff may 
act at even finer temporal scales than currently recognized, such as the time of day a bird fledges.   
There is a tendency for nestling altricial birds to fledge before mid-day, most often within 
six hours of sunrise, and for all broodmates to fledge over about an hour (Perrins 1979, Lemel 
1989, Nilsson 1990, Johnson et al. 2004, Pietz et al. 2012, Schlicht et al. 2012, Johnson et al. 
2013).  Although fledging rapidly and before mid-day have been interpreted as responses to the 
predation threat faced by young birds (Johnson et al. 2004, Pietz et al. 2012, Johnson et al. 
2013), there is, to our knowledge, only one hypothesis for how this temporal pattern in fledging 
may reduce predation.  Johnson et al. (2004) hypothesized that fledging earlier in the day gives 
young more time to reach a relatively safe location before dusk.  Hereafter, we refer to this as the 
maximum time hypothesis and it has two implied assumptions.  The first assumption is that 
leaving the nest later in the day increases a fledgling’s risk of being depredated because it has 
less daylight to find a safe location before dark.  The second assumption is that nighttime 
represents a period of increased risk for young because darkness may preclude them from 
moving to a safer location and may increase the chances they lose contact with their parents, 
both of which could increase mortality.  More time available to reach preferred fledgling habitat 
is particularly important considering that, relative to adults, the mobility of young fledglings is 
extremely limited due to a lack of coordination and an inability to sustain flight (e.g., Sullivan 
1989, Vega Rivera et al. 2000, Yackel Adams et al. 2001, Cohen and Lindell 2004, White and 
Faaborg 2008).  Although the maximum time hypothesis presents a viable explanation for why 
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nestlings most often fledge in the morning, we would expect that variability in predation risk 
would lead to variation in the time of day when fledging occurs, given the potential costs and 
benefits of fledging at different times (Remeš and Martin 2002, Vitz and Rodewald 2011, Cheng 
and Martin 2012).  
In this study, we test the maximum time hypothesis by suggesting that the time of day 
when fledging begins and the time period over which broodmates fledge is influenced by nest 
predation risk.  To examine this, we documented fledging time among a suite (n = 17) of altricial 
bird species whose nest sites comprised a wide range of physical features that influenced 
predation risk.  Specifically, our research on shrub-nesting birds has revealed that nest survival is 
positively correlated with nest site vegetation density and nest height (SJC unpubl. data), the 
latter of which other studies have also found to have a positive influence on nest survival (e.g., 
Burhans and Thompson 2006, Peluc et al. 2008, Weatherhead et al. 2010, Horie and Takagi 
2012).  We predicted that, in nests facing a high risk of predation (1) nestlings would initiate 
fledging earlier in the day and (2) the time between the fledging of broodmates would be shorter 
(i.e., broodmates would fledge more rapidly).   
METHODS 
Data collection  
We conducted this study in shrubland habitats in Illinois.  Eight study sites were located 
in northeastern Illinois and four were located in east-central Illinois.  Habitats consisted primarily 
of herbaceous vegetation such as common goldenrod (Solidago canadensis) and blackberry 
(Rubus spp.), as well as woody plants including multiflora rose (Rosa multiflora), honeysuckle 
(Lonicera spp.), autumn olive (Elaeagnus umbellata), eastern red cedar (Juniperus virginiana), 
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hawthorn (Crataegus spp.), and dogwood (Cornus spp.).  Sites (mean area = 65.71 ha, range: 
10–190 ha) consisted of open areas intermixed with both isolated shrubs and dense shrub thickets 
of varying heights, thereby providing birds with a range of possible nesting conditions.  Such 
habitat characteristics offered open areas with low-lying shrubs and dense thickets comprised of 
shrubs several meters in height (i.e., areas of relatively high and low nest site predation risk, 
respectively).   
 We searched for nests from approximately 1 April through 1 September during 2011–
2013.  We located nests using systematic searches and adult behavior.  We monitored a subset of 
nests with time-lapse video recording systems (Cox et al. 2012b) to document the number of 
chicks fledging and the time at which each fledged.  We camouflaged cameras with paint and 
vegetation and placed them within 0.5–1 m of nests.  We recorded nest activity on digital video 
recorders at 6 frames per second. We connected cameras to recorders with 15-30 m long cables 
and placed recorders in a camouflaged container at the extent of the cable.  In most cases we did 
not deploy cameras until nests contained full clutches to avoid abandonment.  All methods 
involving animals were approved by the University of Illinois Institutional Animal Care and Use 
Committee (Permit # 10127). 
Following nest termination, we measured vegetation at all nest sites.  We used a Robel 
pole (Robel et al. 1970) to estimate vertical vegetation density 0–1 m and 1–2 m above ground 
within nest sites.  To do this we placed the Robel pole at the nest and estimated the percent of the 
lower (0–1 m) and upper (1–2 m) portions of the pole covered by vegetation while standing 5 m 
away and at a height of 1 m; we did this in four cardinal directions and averaged these to obtain a 
single estimate.  We also used the Robel pole to estimate the percent of the nest concealed by 
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vegetation.  We removed the nest and oriented the Robel pole vertically through the nest’s 
location such that there was a decimeter band at, above, and below where the nest was.  We 
estimated the percentage of these three decimeter bands obscured by vegetation while standing 5 
m away and at a height of 1 m in each cardinal direction; we obtained a single estimate for each 
nest by averaging the estimates.  If nests were greater than 1.9 m high (our Robel pole was 2 m 
high), one person elevated the Robel pole such that at least one decimeter band was above the 
nest location while the person viewing the pole estimated concealment.  We measured nest 
height as the distance between the ground and the bottom of the nest.   
 When reviewing video we recorded the time of fledging as the moment when a chick left 
the nest and did not return.  To obtain fledging initiation time we calculated the difference 
between the time that the first chick fledged from a nest and the onset of dawn civil twilight. 
Dawn civil twilight (hereafter ‘dawn twilight’) represents the point at which the sun is within 6° 
of the horizon and terrestrial objects are clearly distinguishable under good weather conditions 
(United States Naval Observatory 2012).  We did not use sunrise time because birds are known 
to be active before sunrise (e.g., Ettinger and King 1980) and we surmised dawn twilight offered 
chicks the earliest opportunity to fledge at a time when the habitat around their nests was likely 
visible.  Because the timing of dawn twilight varied over the course of the season and 
geographically, we recorded it for each day of the season in each year for each study site.  We 
did not account for the potential influence of overcast skies on visibility during dawn twilight, as 
we had no reason to suspect such conditions were temporally or spatially consistent enough to 
influence our results in a consistent manner. We retrieved dawn twilight times from the 
Astronomical Applications Department of the Unites States Naval Observatory (United States 
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Naval Observatory 2012).  To calculate fledging interval lengths, we measured the amount of 
time that elapsed between subsequent fledging events and averaged these within broods.  We 
excluded from our analyses nests in which fledging initiation was caused by force fledging (n = 
11 nests), when predation caused partial brood loss (n = 5 nests), or when all chicks were force-
fledged by either researcher activity or a natural disturbance (n = 34 nests).  Force-fledging due 
to natural disturbances (i.e., predator, unknown stimulus) was identified by the rapid bursting of 
nestlings from the nest, which was often preceded by defensive or alert behavior such as 
nestlings crouching low into the nest or displaying increased alertness toward something out of 
the view of the camera. Such behavior is in contrast to typical fledging behavior in the absence 
of such a stimulus. In cases where the first chick fledged naturally, but at least one remaining 
chick was force-fledged, we used the nest in our analysis of fledging initiation time, but not in 
our analysis of fledging interval length.  We also excluded all nests where the first chick to leave 
the nest was force fledged as we were unsure how such an event affected the timing and span of 
subsequent fledging events at a nest.  Lastly, we excluded nests that suffered partial brood loss 
due to predation, as we did not know how this affected the fledging behavior of remaining 
nestlings. 
Analyses 
To test the maximum time hypothesis, we developed a priori models containing variables 
we hypothesized would explain variation in fledging initiation times and the time interval length 
between broodmate fledging events.  We examined the effect of nest site characteristics on 
fledging because of their potential to influence nest predation risk.  Specifically, we examined 
the influence of nest height because it is often negatively related to nest predation, with higher 
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nests suffering lower predation rates (e.g., Burhans and Thompson 2006, Peluc et al. 2008, 
Weatherhead et al. 2010, Horie and Takagi 2012).  Also, nest height is a particularly reliable 
determinant of nest survival in our system, as nests higher above the ground have a lower 
probability of being depredated by several dominant predators, including black ratsnakes 
(Pantherophis obsoletus), raccoons (Procyon lotor), and white-tailed deer (Odocoileus 
virginianus; SJC unpubl. data).  We also examined the influence of nest concealment, as this has 
been found to positively relate to nest survival (e.g., Horie and Takagi 2012).  Additionally, we 
included vegetation density within 5 m of nests as a predictor of fledging time, as we surmised 
denser vegetation around the nest site improved the survival probability of fledglings (e.g., 
Berkeley et al. 2007) and, thus, their decision of when to leave the nest.  Lastly, we examined the 
influence of daily nest survival rate (hereafter DSR) on fledging behavior.  We calculated DSR 
as a function of the interactive effects of study site and day of year using the logistic-exposure 
method (Shaffer 2004).  We did this to account for the fact that predation risk often varies 
spatially and throughout the breeding season (e.g., Sperry et al. 2008, Cox et al. 2012a, Hirsch-
Jacobson et al. 2012).  Specifically, we knew a priori that DSR varied among our 12 study sites 
and that predation by dominant predators varied seasonally (SJC unpubl. data). Thus, we sought 
to account for this variability when modeling the influence of DSR on fledging behavior.   
We used general linear mixed models (PROC MIXED; Littell et al. 2006) to examine 
patterns in both fledging initiation time and fledging interval length.  We included species as a 
random effect because we were interested in detecting generalizable patterns irrespective of 
nesting species.  We used an information-theoretic approach (Burnham and Anderson 2002) to 
determine the relative support for models.  We ranked models using Akaike’s information 
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criterion corrected for small sample sizes (AICc) and calculated model weights.  We considered 
models within 7 ∆AICc of the top model to be competitive (Burnham et al. 2010) and, in cases of 
model selection uncertainty, calculated model-averaged estimates for variables of interest 
contained within competitive model sets.  We also calculated unconditional standard errors and 
85% confidence limits (Burnham and Anderson 2002).  We report 85% confidence limits 
because the reduced limits are more appropriate when using AIC-based model selection than the 
commonly used 95% limits (Arnold 2010).  We evaluated all models for their inclusion of 
uninformative parameters (i.e., “pretending variables”; Anderson 2008) by examining model 
deviance and the inclusion of zero in confidence limits for parameters; we excluded such models 
from reported model sets and did not use them when model averaging (Arnold 2010).  Prior to 
fitting models, we examined correlations among all variables and excluded from the same model 
those that were highly correlated (|r| > 0.70).  All analyses were performed in SAS, version 9.2 
(SAS Institute, Inc., Cary, NC).  We report means ± SEs unless otherwise noted.  
RESULTS 
 We documented 477 fledging events at 202 nests of 17 species (Appendix B); we 
excluded 50 of these nests from all analyses due to force fledging or partial brood loss (see 
Methods).  The earliest date of fledging was 24 April while the latest was 7 September.  Forty 
one nests fledged a single nestling while 73, 63, 24, and 1 fledged two, three, four, and five 
nestlings, respectively.  There were 4 nests at which the first chick fledged naturally, but at least 
one subsequent fledging event involved force-fledging (n = 5 nestlings); we retained these 4 
nests in our analysis of only fledging initiation.  Among all chicks that fledged naturally (n = 
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365), 25% fledged within 2.43 hours of dawn twilight while 50% and 75% fledged within 4.78 
and 7.88 hours of dawn twilight, respectively.    
Mean fledging initiation time (i.e., the time the first chick fledged from a nest) among the 
152 nests at which the first nestling to fledge did so naturally was 5.83 ± 0.35 hours after dawn 
twilight (range: -0.68 to17.22 hours relative to dawn twilight).  In 25% of these nests, fledging 
initiation occurred within 2.16 hours of dawn twilight while 50% and 75% of fledging initiation 
events occurred within 4.75 and 8.58 hours of dawn twilight, respectively.  The model that best 
predicted fledging initiation time included the effect of only nest height and had 14× more 
support than the second best model (Table 1).  Our top model indicated that fledging initiation 
occurred later in the day at nests higher above the ground (?̂? = 2.00 ± 0.60; Fig. 4.1).  The 
second and third ranked models were weakly supported, but had confidence limits that excluded 
0, suggesting they explained some variability in the data.  The second ranked model indicated 
that fledging initiation was negatively related to percent nest concealment (?̂? = -0.03 ± 0.02), 
such that for every 10% increase in nest concealment, fledging initiation occurred about 17 
minutes earlier in the day.  The third ranked model indicated that fledging initiation was 
positively related to nest site vegetation density (i.e., vegetation within 5 m of nests; ?̂? = 0.03 ± 
0.02), such that for every 10% increase in vegetation density, fledging initiation occurred about 
19 minutes later in the day. 
Among the 117 nests naturally fledging multiple young, all nestlings fledged on the same 
day from 97 (83%) nests and over 2 days at 20 (17%) nests.  Among 2-fledgling nests (n = 59), 
the mean interval length between fledging events was 3.35 ± 0.85 hours (median = 0.50; range: 
0.00–34.13).  Among 3-fledgling nests (n = 47), the mean interval length between subsequent 
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fledging events was 3.28 ± 0.67 hours (median = 0.68; range: 0.00–16.20).  Among 4-fledgling 
nests (n = 10), the mean interval length between subsequent fledging events was 2.26 ± 1.04 
hours (median = 0.58; range: 0.01–8.54).  The mean interval length between subsequent fledging 
events in the single nest fledging 5 nestlings was 2.16 hours.   
Mean time interval length between fledging events at these 117 nests was best predicted 
by a model including nest height, year, and nest site vegetation density (Table 4.2).  However, 
our top model was not overwhelmingly supported, as it received only 1.05× and 2.12× more 
support than the second and third ranked models, respectively.   Thus, we generated model-
averaged predictions based on variables within our competitive model set.  Nest height was again 
the strongest predictor of mean time interval length between fledging events; broodmates were 
slower to fledge among nests higher above the ground (model-averaged ?̂? = 2.11 ± 0.91; Fig. 
4.2).  Year was also a strong predictor of mean time interval length; nestlings fledged most 
rapidly in 2011 (model-averaged predicted estimate 1.27 hr; 85% CI: 0.13–2.40), followed by 
2013 (5.08 hr; 3.99–6.18), and 2012 (3.09 hr; 1.78–4.40).  Lastly, nestlings fledged more rapidly 
from nests surrounded by sparser vegetation coverage (model-averaged ?̂? = 0.04 ± 0.02; Fig. 
4.3a) and from nests in study sites with lower DSR (model-averaged ?̂? = 46.14 ± 28.41; Fig. 
4.3b). 
DISCUSSION 
 Fledging earlier in the day may be a strategy that gives young fledglings more time to 
reach a relatively safe location before dusk (i.e., maximum time hypothesis).  We expected that 
the timing of fledging, like the age at which fledging occurs, would vary in response to nest 
predation risk, due to the potential costs (e.g., relatively lower mass, shorter wing length) 
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associated with fledging as quickly as possible (Remeš and Martin 2002, Cheng and Martin 
2012) and the potential benefits garnered by remaining in the nest (e.g., relatively longer wing 
length, greater mass; Vitz and Rodewald 2011).  Indeed, we found that fledging began later in 
the day and broodmates remained in the nest longer under lower nest predation risk conditions, 
suggesting the timing of nest departure represents a strategy by which birds might mitigate 
predation risk.  Given that the riskiest time in a bird’s life is the period immediately before and 
after fledging, every hour during this time period is critical, leading to flexible fledging behavior 
that may improve survival.    
Several nest site features known to influence nest predation risk explained patterns in 
fledging behavior.  First, we found a weak relationship between fledging initiation time and nest 
concealment, such that fledging began earlier at more concealed nests.  Although counter to what 
may be expected if greater concealment reduces predation risk (Horie and Takagi 2012), the 
earlier initiation of fledging among better concealed nests was likely the result of nests nearer to 
the ground (i.e., riskier nests) being more often completely concealed by vegetation.  Indeed, 
nest height was negatively correlated with nest concealment (r = -0.23).  In contrast, nest height 
had a much stronger influence on the timing of fledging initiation and the rapidity with which 
broodmates fledged.  This pattern could suggest nestlings were simply more fearful of exiting 
nests higher above the ground (maximum height = 2.7 m), leading to later and more drawn out 
fledging.  Alternatively, the relationship between nest height and fledging behavior may have 
been due to the strong influence of nest height on nest survival.  Specifically, nest predation rates 
in our system are greatest among nests nearest to the ground (SJC unpubl. data), a finding similar 
to studies elsewhere (e.g., Burhans and Thompson 2006, Peluc et al. 2008, Weatherhead et al. 
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2010, Horie and Takagi 2012).  Further, we found that nestlings fledged later and over longer 
time periods among nest sites containing denser vegetation, a habitat feature positively correlated 
with nest survival in our system (SJC unpubl. data) as well as fledgling survival elsewhere (e.g., 
King et al. 2006, Vitz and Rodewald 2011, Streby and Andersen 2013a, but see Moore et al. 
2010).  Thus, the decision of when and how quickly to fledge may be influenced by both the 
relative safety of the nest itself and the safety of the area around the nest (i.e., nest site).  
Additionally, the timing of nest departure may have also been influenced by predation risk at 
broader spatial scales, as is evidenced by the relationship between site-specific DSR and fledging 
time interval length.  This relationship, although weak, suggests that sites with greater overall 
predation risk led to earlier fledging.   
How might young benefit from staying in their nests later into the day and longer after 
fledging begins?  One possibility is that fledging after being fed for several extra hours may 
reduce the need for adults to feed hungry fledglings during travel to post-fledging habitats, as 
adults tend to intensively feed fledglings until begging ceases (Lemel 1989).  Young that are 
satiated on leaving the nest may emit fewer begging calls, thereby reducing feeding activity, both 
of which are cues used by predators to locate vulnerable young (e.g., Leech and Leonard 1997, 
Briskie et al. 1999).  Additionally, Vitz and Rodewald (2010) found that fledging at a lower 
mass-tarsus ratio, a proxy for condition, resulted in fledglings moving shorter distances during 
their first days out of the nest.  Thus, obtaining greater mass at fledging may enable young to 
reach preferred post-fledging habitat more quickly.  Greater mass may also buffer young from 
unexpected conditions outside the nest that may preclude or reduce food delivery by adults (e.g., 
inclement weather, predation threats).  Lastly, young that remained longer after a sibling fledged 
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may have further improved their condition via continued feedings in a safe nest site, as feeding 
rates to remaining nestlings may remain constant even after several have fledged (Johnson et al. 
2004).  In contrast to fledging later, fledging early in the day may offer benefits to young facing 
high predation risk conditions.  For example, fledging sooner may help improve fledgling 
development if young can feed themselves or rates of parental feedings increase once outside the 
nest.  Increased feeding opportunities outside the nest may be particularly important if high nest 
predation risk reduces feeding rates to nestlings (e.g., Fontaine and Martin 2006, Martin et al. 
2011, Ghalambor et al. 2013).  In addition, leaving the nest earlier maximizes the daylight 
available to reach a safer location before nightfall (Johnson et al. 2004).  This behavior could be 
critical if young leaving as soon as possible do so at a lower mass, resulting in them travelling 
relatively shorter distances (Vitz and Rodewald 2010).  Lastly, snakes are a dominant predator of 
nests nearer to the ground in our system (SJC unpubl. data), but they are typically inactive until 
later in the day (Stake et al. 2005).  Thus, fledging earlier from risky nests (i.e., nests nearer to 
the ground) may minimize exposure to certain predators.   
If the process of fledging can be explained by predation risk, as our results suggest, then 
how might birds (both adults and nestlings) be evaluating risk and how does this inform the 
decision of when in the day to fledge?  We recognize several non-mutually exclusive 
possibilities.  One is that parents evaluate risk through direct exposure to predators and alter their 
own behavior to influence that of their young.  For example, parents could encourage young to 
fledge by holding food beyond their reach or by reducing feeding rates to remaining nestlings, 
though the few studies to examine this behavior have found little or no support for it (Nilsson 
and Svensson 1993, Michaud and Leonard 2000, Johnson et al. 2004).  It is also possible that 
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females nesting in high risk areas laid eggs with higher levels of circulating stress hormones that, 
via maternal affects, led to faster wing growth rates and a propensity in nestlings to fledge as 
soon as possible (Coslovsky and Richner 2011, Cheng and Martin 2012).  In contrast to adults, 
nestlings have likely had no or only minimal direct exposure to predators, thereby limiting their 
knowledge of predation risk and, consequently, the best time of day to fledge (Lima 2009).  This 
lack of direct experience suggests nestlings may be relying on indirect cues to evaluate risk.  For 
example, nestlings could use the frequency of parental alarm calls as a gauge of risk (sensu Lima 
2009).  Indeed, on hearing parental alarm calls, nestlings become silent and remain still (Platzen 
and Magrath 2004, Caro 2005), illustrating their ability to associate such calls with risk.  
Nestlings are also able to identify and respond with silence to the presence of a nearby predator 
(Magrath et al. 2007), demonstrating their capacity to personally respond to potential threats.  
Another possibility is that young birds instinctively seek habitat features that offer protection 
from predators and if such conditions are present at the nest, nestlings may be less inclined to 
fledge as soon as possible.  Specifically, young fledglings often move to areas with both dense 
vegetative cover, a feature that improves their survival (e.g., King et al. 2006, Vitz and 
Rodewald 2011, Streby and Andersen 2013a, but see Moore et al. 2010), and vegetative structure 
that allows them to perch at increasing heights over time (e.g., Vega Rivera et al. 2000, Cohen 
and Lindell 2004, Moore et al. 2010, Tarwater and Brawn 2010).  The presence of elevated 
perches seems particularly important, given that young, uncoordinated fledglings are especially 
vulnerable to terrestrial predators (e.g., small mammals; Anders et al. 1997, King et al. 2006, 
Moore et al. 2010, Vitz and Rodewald 2011, Haché et al. 2014).  In fact, the behavior of seeking 
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safer locations during periods of vulnerability is a widespread behavior in animals (Caro 2005) 
and may explain the patterns in fledging behavior we identified.  
 Our results reveal that the situations faced by nestlings preparing to fledge may be more 
complex than we currently recognize and the timing of nest departure is likely the first of many 
critical decisions birds must make in an effort to maximize their fitness.  Information on such 
fledging behavior in birds should continue to accumulate, given the increasing use of camera 
systems to document nesting activity (Cox et al. 2012b).  Further study into the mechanisms 
underlying fledging behavior in different habitats would greatly expand our understanding of the 
generality of the predation risk influence we found, particularly if nest site features such as nest 
height vary among habitats in their effect on predation risk (Martin 1993).  In addition, studies 
exploring the process of fledging in open-cup nesting birds would advance our understanding of 
the variability in fledging behaviors, as the vast majority of our knowledge has been derived 
from cavity-nesting species (Lemel 1989, Nilsson 1990, Nilsson and Svensson 1993, Johnson et 
al. 2004, Schlicht et al. 2012, Johnson et al. 2013, but see Pietz et al. 2012).  Future research 
should evaluate the relationship between fledging behaviors (e.g., fledging initiation time, time 
interval between fledging events), nestling condition, and fledgling survival.  Specifically, 
comparing nestling condition and post-fledging survival among nests facing varying degrees of 
predation risk may reveal interactions among nest site riskiness and the costs and benefits of 
fledging at different times of day. For example, does fledging earlier in the day convey a survival 
advantage to chicks fledging from high risk nests?  Likewise, does fledging later in the day from 
relatively safe nests lead to higher post-fledging survival?  Also, given that the age at which 
nestlings fledge may vary in response to predation risk (Bosque and Bosque 1995, Martin 1995, 
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Martin et al. 2011), it would be intriguing to examine the relationship between nestling age and 
the timing of nest departure.   
We also recommend researchers conduct experimental studies to explicitly test our 
hypotheses about the factors driving the timing of nest departure.  For example, nest site 
characteristics (e.g., vegetation density, nest concealment; Howlett and Stutchbury 1996) can be 
manipulated to evaluate if such features are, in fact, used as indirect measures of risk.  Also, 
manipulating direct predation risk via predator playbacks, predator models, or predator removal 
(e.g., Fontaine and Martin 2006, Peluc et al. 2008, Ghalambor et al. 2013) would help identify if 
such cues influence the timing of fledging.  Altering such direct predation risk at different times 
of the breeding cycle (e.g., pre-laying, nestling stage) would be particularly useful for identifying 
if the timing of fledging is determined during egg laying (e.g., via stress hormones deposited in 
eggs) or as nestlings and adults are exposed to risk later in the nesting cycle (e.g., via behavioral 
adjustments).  It may also be fruitful to expose only adults or only nestlings to varying levels of 
risk to determine who is dictating the timing of nest departure.  Ultimately, such experiments are 
needed to elucidate the causative mechanisms driving the fledging behaviors we identified.    
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TABLES AND FIGURES 
Table 4.1. Model selection results from a priori candidate models describing the time of fledging 
initiation at bird nests in shrubland habitats of Illinois, 2011–2013.   
 
Model K
a
 ─2Log(L) ∆AICc
b
      wi
c
 
Nest ht. 2 859.90 0.00
d
    0.81 
% nest concealment 2 865.20 5.30    0.06 
Nest site vegetation density 2 865.40 5.40    0.05 
Intercept only 1 867.80 5.80    0.04 
Number of fledglings 2 867.50 7.60    0.02 
(Site × day of year) DSRe 2 867.80 7.90    0.02 
Year 3 867.40 9.60 < 0.01 
a
 Number of parameters. 
b ∆AICc = AICci – min. AICc. 
c
 Model weight. 
d
 Min. AICc = 868.20. 
e
 Daily nest survival rate calculated for each day at a given site. 
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Table 4.2. Model selection results from a priori candidate models describing the mean time 
interval length between broodmate fledging events within bird nests in shrubland habitats of 
Illinois, 2011–2013.    
 
Model K
a
 ─2Log(L) ∆AICc
b
 wi
c
 
Nest ht. + Year + Nest site vegetation density 5 707.50 0.00
d 
0.39 
Nest ht. + Year 4 709.80 0.10 0.38 
Nest site vegetation density + Year 4 711.20 1.50 0.19 
Nest ht. + (Site × day of year) DSR
e 
3 717.90 5.90 0.02 
Nest ht. 2 720.50 6.40 0.02 
Year 3 718.60 8.90 0.00 
Nest site vegetation density 2 725.00 10.90 0.00 
(Site × day of year) DSR 2 728.00 16.00 0.00 
Intercept only 1 730.30 16.20 0.00 
% nest concealment 2 730.30 18.30 0.00 
a
 Number of parameters. 
b ∆AICc = AICci – min. AICc. 
c
 Model weight. 
d
 Min. AICc = 720.30. 
e
 Daily nest survival rate calculated for each day at a given site. 
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Figure 4.1.  Predicted time of fledging initiation since dawn twilight (and 85% confidence limits) 
as a function of nest height among birds nesting in shrubland habitat in Illinois, 2011–2013. 
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Figure 4.2.  Model-averaged predicted time interval length (hours) between broodmate fledging 
events (and 85% confidence limits) as a function of nest height among birds nesting in shrubland 
habitat in Illinois, 2011–2013. 
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Figure 4.3.  Model-averaged predicted time interval length (hours) between broodmate fledging 
events (and 85% confidence limits) as a function of percent nest site vegetation density (a) and 
DSR (b) among birds nesting in shrubland habitat in Illinois, 2011–2013.
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CHAPTER 5: SUMMARY 
The complex, yet fascinating nature of nest predation led me to develop several different 
avenues of research related to understanding its impacts on birds.  At the heart of nest predation, 
however, are the nest predators.  Though, only recently has their influence received deserved 
attention from avian ecologists.  Thus, the aim of Chapter 2 was to elucidate the factors that 
explained variation in nest predation by different predator species, with a focus on how patterns 
in predation related to landscape composition.  In pursuit of this, it became apparent that the 
complexity of the predator communities in my study system precluded using the typical 
approach of analyzing landscape patterns; examining predation at only a single landscape scale. 
This led me to examine how nest predation varied in response to the landscape composition 
surrounding nests at multiple scales.  I video monitored 473 nests of 23 shrub-nesting bird 
species and documented 212 predation events involving 26 predator species, the most diverse 
nest predator community documented to date.  My results indicated that understanding how 
landscape composition influenced predation by different predator species requires evaluating 
patterns at multiple landscape scales.  This was expected, as different predator species are likely 
to interact with the landscape in different ways and at different spatial scales.  More specifically, 
I found that the direction and strength of relationships between predator specific predation and 
land cover types varied depending on the scale at which this relationship was evaluated.  This 
indicates that studying nest predation patterns at only a single landscape scale is likely to 
oversimplify or lead to inaccurate conclusions regarding the relationship between nest predation 
and landscape composition.  Thus, acknowledging the importance of scale dependence when 
studying nest predation appears necessary to assess the complex ways landscape composition 
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impacts predation and to ascertain the potential mechanisms leading predation to vary through 
space.   
Because of the commonness of nest predation and its strong impact on reproductive 
success, birds express a range of behaviors to reduce predation on themselves and their young.  
Of particular importance are parental nest defense behaviors, as they may place adults at risk of 
injury or death.  However, the level of risk adults are willing to take in defense of their nests 
should vary depending on the value of their offspring (i.e., eggs and nestlings).  In Chapter 3, I 
assessed if the nest defense behaviors of parent birds was related to public information (PI) 
regarding nest predation risk, which I posited was a means by which parents may determine the 
value of their young and, thus, the risks they should incur during nest defense.  I measured two 
types of risk taking by parents: flush initiation distance and the level of aggression they 
expressed towards an observer approaching their nest.  I estimated flush initiation distance at 
1091 nests and recorded aggression at 1424 nests of six species. I found that two species engaged 
in riskier nest defense behaviors (shorter flush initiation distance, greater aggressiveness) when 
PI indicated greater offspring value (i.e., lower nest predation risk).  Interestingly, the behaviors 
of parents were related to heterospecific PI, but not conspecific PI, which I suggested was 
because the amount of heterospecific PI available near nests likely exceeded that of conspecific 
PI.  Specifically, I suspected the territorial nature of the birds I studied limited the number of 
conspecifics around nests, which led birds to use the likely more abundant heterospecific PI.  In 
addition, I also found that only migratory species used PI.  I presumed this arose because 
residents present on the breeding grounds long enough before initiating nests that they had ample 
time to personally acquire information about risk prior to nesting.  In contrast, migratory species 
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are often under time constraints to initiate nesting shortly after arriving, which potentially 
increases their reliance on PI; most migrants have little up-to-date personal information to use in 
determining the riskiness of an area.  Thus, my results revealed that PI regarding nest predation 
risk can predict parental nest defense behavior and that its use may depend on a species’ life 
history traits.  Furthermore, although PI has been found to influence a suite of behaviors in birds, 
my results suggest PI also influences the nest defense behaviors of parent birds, suggesting an 
avenue for further research into the role PI plays in shaping bird behavior.   
Although the defensive behaviors of parents may be important for reducing the predation 
risk to their offspring, nestlings also appear capable of responding to predation risk by altering 
their own behavior. Specifically, birds may confront predation risk via adjustments in the amount 
of time nestlings remain in the nest; the longer nestlings remain in the nest in high predation risk 
sites, the greater their chances are of being depredated in the nest.  In Chapter 4, I addressed the 
relationship between the timing of fledging and the riskiness of the nest site from which birds 
fledged.  Although nestlings have been found to develop more quickly under increased predation 
risk to promote fledging at a younger age, I suspected nestling responses to predation might act 
at even finer temporal scales than currently recognized, such as the time of day a bird fledges.  I 
video recorded 477 fledging events at 202 nests of 17 species.  My results revealed that nestlings 
occupying nests with greater predation risk (i.e., those nearer to the ground and those less 
concealed by vegetation) initiated fledging earlier in the day than those at safer nests.  Similarly, 
broodmates in riskier nests fledged over a shorter period of time than broodmates in safer nests.  
My findings supported the hypothesis that predation risk influences the time of day when 
fledging occurs.  Presumably, by fledging earlier and more quickly, young in high risk nests 
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decreased their chances of being depredated in the nest, while those occupying safer nests were 
likely under reduced pressure to fledge as early and quickly as possible. These results indicate 
that nestlings preparing to fledge likely face more complex situations than currently understood 
and the timing of nest departure is an important decision made in an effort to maximize fledgling 
fitness. 
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APPENDIX A 
 
  American goldfinch   American robin 
Variable  Mean ± SE Range  Mean ± SE Range 
Nest concealment (%) 77.32 ± 0.39 31.00 - 100.00 
 
82.27 ± 0.46 24.42 - 100.00 
Nest height (m) 1.94 ± 0.01 0.30 - 4.00 
 
1.85 ± 0.01 0.50 - 4.00 
Number of nest visits
a
 3.18 ± 0.07 1 - 14 
 
2.57 ± 0.06 1 - 9 
Nest age (days) 14.26 ± 0.24 0 - 49 
 
14.45 ± 0.21 0 - 31 
Starting distance (m)
b
 10.49 ± 0.08 4.00 - 23.00 
 
12.40 ± 0.11 4.50 - 28.00 
Day of year
c
 212.94 ± 0.31 166 - 247 
 
159.30 ± 0.64 93 - 233 
Conspecific DSR
d
 0.9765 ± 0.0002 0.9561 - 0.9925 
 
0.9699 ± 0.0004 0.9356 - 0.9840 
Heterospecific DSR
e
 0.9697 ± 0.0003 0.9366 - 0.9824   0.9647 ± 0.0003 0.9393 - 0.9794 
a
 Number of times a nest was visited by an observer. 
b
 The distance between the nest and an observer when an observer began their approach toward the nest. 
c
 Day of year when nests for a given species were active and monitored.  1 January = day 1 for each year. 
d
 Daily nest survival rate calculated separately for each field site using nests of only conspecifics.  
e
 Daily nest survival rate calculated separately for each field site using nests of only heterospecifics.  
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  Brown thrasher   Field sparrow 
Variable  Mean ± SE Range  Mean ± SE Range 
Nest concealment (%) 88.75 ± 0.65 34.92 - 100.00 
 
96.18 ± 0.27 20.67 - 100.00 
Nest height (m) 1.39 ± 0.02 0.50 - 3.40 
 
0.29 ± 0.00 0.00 - 2.00 
Number of nest visits
a
 2.22 ± 0.08 1 - 7 
 
2.06 ± 0.05 1 - 8 
Nest age (days) 13.31 ± 0.31 0 - 32 
 
11.27 ± 0.18 0 - 26 
Starting distance (m)
b
 12.76 ± 0.17 5.00 - 25.00  10.19 ± 0.08 5.00 - 23.00 
Day of year
c
 149.95 ± 1.05 93 - 211  165.79 ± 0.82 103 - 233 
Conspecific DSR
d
 0.9599 ± 0.0004 0.9426 - 0.9822 
 
0.9303 ± 0.0005 0.9120 - 0.9901 
Heterospecific DSR
e
 0.9550 ± 0.0008 0.9276 - 0.9836   0.9599 ± 0.0002 0.9486 - 0.9841 
a
 Number of times a nest was visited by an observer. 
b
 The distance between the nest and an observer when an observer began their approach toward the nest. 
c
 Day of year when nests for a given species were active and monitored.  1 January = day 1 for each year. 
d
 Daily nest survival rate calculated separately for each field site using nests of only conspecifics.  
e
 Daily nest survival rate calculated separately for each field site using nests of only heterospecifics.  
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  Gray catbird   Northern cardinal 
Variable Mean ± SE Range  Mean ± SE Range 
Nest concealment (%) 91.13 ± 0.30 38.33 - 100.00 
 
87.80 ± 0.45 19.92 - 100.00 
Nest height (m) 1.77 ± 0.01 0.40 - 3.70 
 
1.51 ± 0.02 0.40 - 4.00 
Number of nest visits
a
 1.63 ± 0.05 1 - 6 
 
2.24 ± 0.06 1 - 7 
Nest age (days) 13.99 ± 0.18 0 - 29 
 
10.82 ± 0.22 0 - 33 
Starting distance (m)
b
 9.99 ± 0.08 2.00 - 22.00  11.21 ± 0.13 3.00 - 35.00 
Day of year
c
 174.64 ± 0.55 132 - 238  166.91 ± 1.16 98 - 233 
Conspecific DSR
d
 0.9758 ± 0.0001 0.9604 - 0.9858 
 
0.9476 ± 0.0006 0.9185 - 0.9821 
Heterospecific DSR
e
 0.9555 ± 0.0002 0.9418 - 0.9653   0.9628 ± 0.0005 0.9353 - 0.9843 
a
 Number of times a nest was visited by an observer. 
b
 The distance between the nest and an observer when an observer began their approach toward the nest. 
c
 Day of year when nests for a given species were active and monitored.  1 January = day 1 for each year. 
d
 Daily nest survival rate calculated separately for each field site using nests of only conspecifics.  
e
 Daily nest survival rate calculated separately for each field site using nests of only heterospecifics.  
 
 
 
 
 
 
  
121 
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Species 
Total 
nests 
Total 
fledglings 
Fledglings 
per nest 
Fledge 
initiation    
(hours)
a 
Nest          
height (m) 
Zenaida macroura 7 11 1.57  ±  0.20 8.95  ±  2.19 1.47  ±  0.22 
Coccyzus americanus 2 3 1.50  ±  0.50 3.53  ±  1.25 1.68  ±  0.06 
Empidonax traillii 9 19 2.11  ±  0.38 8.25  ±  1.82 1.38  ±  0.08 
Turdus migratorious 15 31 2.06  ±  0.22 6.38  ±  1.14 1.45  ±  0.09 
Dumetella carolinensis 25 57 2.28  ±  0.13 7.64  ±  0.82 1.79  ±  0.07 
Toxostoma rufum 14 32 2.28  ±  0.28 5.44  ±  1.33 1.31  ±  0.11 
Vermivora cyanoptera 2 2 1.00  ±  0.00 5.36  ±  0.83 0.00  ±  0.00 
Setophaga petechia 4 8 2.00  ±  0.70 7.14  ±  2.00 1.10  ±  0.13 
Geothlypis trichas 1 2 2.00   3.18   0.00  
Icteria virens 2 4 2.00  ±  1.00 5.28  ±  2.30 0.80  ±  0.30 
Pipilo erythrophthalmus 3 6 2.00  ±  0.57 3.58  ±  1.40 1.16  ±  0.34 
Spizella pusilla 21 55 2.61  ±  0.17 1.94  ±  0.39 0.44  ±  0.05 
Melospiza melodia 1 2 2.00   1.23  0.50  
Cardinalis cardinalis 23 46 2.00  ±  0.14 5.92  ±  0.66 1.49  ±  0.10 
Passerina caerulea 1 3 3.00   5.00  1.10   
Passerina cyanea 8 18 2.25  ±  0.16 6.89  ±  1.40 1.00  ±  0.19 
Spinus tristis 19 56 2.94  ±  0.25 5.51  ±  1.07 1.75  ±  0.08 
a
 The length of time between dawn civil twilight and when the first nestling fledged. 
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Species 
% nest    
concealment 
Nest site               
vegetation 
density 
(Site × day of 
year) DSR
b
 
Zenaida macroura 79.65  ±  5.02 68.89  ±  9.89 0.957  ±  0.006 
Coccyzus americanus 85.05  ±  0.00 68.62  ±  26.1 0.938  ±  0.001 
Empidonax traillii 82.27  ±  2.85 78.94  ±  4.44 0.974  ±  0.001 
Turdus migratorious 81.68  ±  3.75 77.47  ±  3.88 0.961  ±  0.004 
Dumetella carolinensis 74.97  ±  4.23 87.92  ±  2.10 0.963  ±  0.002 
Toxostoma rufum 85.83  ±  4.93 89.43  ±  3.28 0.955  ±  0.004 
Vermivora cyanoptera 92.52  ±  7.47 52.75  ±  20.00 0.957  ±  0.015 
Setophaga petechia 97.04  ±  2.27 79.81  ±  9.52 0.969  ±  0.000 
Geothlypis trichas 100.00  ±    59.75  ±   0.942  ±   
Icteria virens 85.05  ±  1.00 96.75  ±  1.00 0.940  ±  0.000 
Pipilo erythrophthalmus 94.71  ±  4.83 83.16  ±  7.94 0.949  ±  0.010 
Spizella pusilla 79.19  ±  4.96 25.61  ±  5.27 0.953  ±  0.004 
Melospiza melodia 85.05  ±     98.25  ±   0.966  ±   
Cardinalis cardinalis 75.28  ±  5.62 81.55  ±  3.49 0.961  ±  0.003 
Passerina caerulea 85.05  ±     52.50  ±   0.938  ±   
Passerina cyanea 85.05  ±  4.65 67.59  ±  8.58 0.938  ±  0.000 
Spinus tristis 82.22  ±  4.22 75.89  ±  3.16 0.970  ±  0.003 
b
 Daily nest survival rate. 
 
